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FOREWORD 


Appendix  XIV,  Watershed  Management,  con- 
tains a detailed  report  of  one  component  of  the 
Comprehensive  Water  Resource  Study  of  Puget 
Sound  and  Adjacent  Waters.  It  is  one  of  fifteen 
appendices  providing  supporting  data  for  the  overall 
water  resource  study. 

The  Summary  Report  is  supplemented  by  fif- 
teen appendices.  Appendix  l contains  a Digest  of 
Public  Hearings.  Appendices  II  through  IV  contain 
environmental  studies.  Appendices  V through  XIV 
each  contain  an  inventory  of  present  status,  present 
and  future  needs,  and  the  means  to  satisfy  the  needs, 
based  upon  a single  use  or  control  of  water.  Appendix 
XV  contains  comprehensive  plans  for  the  Puget 
Sound  Area  and  its  individual  basins  and  describes  the 
development  of  these  multiple-purpose  plans  includ- 
ing the  trade-offs  of  single-purpose  solutions  con- 
tained in  Appendices  V through  XIV,  to  achieve 
multiple  planning  objectives. 

River  basin  planning  in  the  Pacific  Northwest 
was  started  under  the  guidance  of  the  Columbia  Basin 
Inter-Agency  Committee  (CBIAC)  and  completed 
under  the  aegis  of  the  Pacific  Northwest  River  Basins 
Commission.  A Task  Force  for  Puget  Sound  and 
Adjacent  Waters  was  established  in  1964  by  the 
CBIAC  for  the  purpose  of  making  a water  resource 
study  of  the  Puget  Sound  Area  based  upon  guidelines 
set  forth  in  Senate  Document  97,  87th  Congress, 
Second  Session. 

The  Puget  Sound  Task  Force  consists  of  ten 
members,  each  representing  a major  State  or  Federal 


agency.  All  State  and  Federal  agencies  having  some 
authority  over  or  interest  in  the  use  of  water 
resources  are  included  in  the  organized  planning 
effort. 

The  published  report  is  contained  in  the  follow- 
ing volumes: 

SUMMARY  REPORT 
APPENDICES 

1.  Digest  of  Public  Hearings 

II.  Political  and  Legislative  Environment 

III.  Hydrology  and  Natural  Environment 

IV.  Economic  Environment 

V.  Water-Related  Land  Resources 

a.  Agriculture 

b.  Forests 

c.  Minerals 

d.  Intensive  Land  Use 

e.  Future  Land  Use 

VI.  Municipal  and  Industrial  Water  Supply 
VIL  Irrigation 

VIII.  Navigation 

IX.  Power 

X.  Recreation 

XI.  Fish  and  Wildlife 

XII.  Flood  Control 

XIII.  Water  Quality  Control 

XIV.  Watershed  Management 

XV.  Plan  Formulation 
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SUMMARY 


This  Appendix  is  concerned  with  the  manage- 
ment of  watershed  lands  and  water  in  order  that 
damaged  lands  be  restored  in  a timely  manner  and 
that  future  use  of  these  resources  of  land  and  water 
benefit  the  economic  and  environmental  needs  of  a 
growing  population  in  the  best  way  possible.  In  order 
to  present  these  aspects  of  the  Area,  the  Appendix 
necessarily  concerns  itself  with  actual  and  potential 
problems  of  management  rather  than  the  generally 
high  existing  quality  found  at  this  time  (1969). 

In  the  face  of  a projected  population  increase 
to  6.8  million  by  2020  and  resulting  stresses  on  these 
resources,  it  is  found  that  use  of  the  land  can  be 
fitted  to  the  resource  and  managed  so  that  a high 
quality  of  environment  can  be  maintained  causing 
little  conflict  with  economic  growth.  Conversely, 
lacking  restraint  and  good  management,  great  harm 
can  come  to  these  resources  through  exploitation, 
error,  and  waste. 

These  resources  and  their  management  needs 
are  described  in  terms  of  present  status,  needs,  and 
means  to  satisfy  needs,  and  propose  a plan  of 
management  for  consideration  with  full  knowledge 
that  changes  in  needs  and  technology  through  the 
years  will  require  details  of  the  plan  to  be  modified 
and  updated  frequently. 

The  Puget  Sound  Area  includes  all  or  parts  of 
thirteen  counties  in  northwestern  Washington.  Drain- 
age is  by  ten  large  rivers,  12  smaller  rivers,  and 
numerous  streams  into  Puget  Sound,  Georgia  Strait, 
Hood  Canal,  and  the  Strait  of  Juan  de  Fuca.  Within 
the  15,800  square  miles  of  the  Area  are  2,430  square 
miles  of  salt  water,  240  square  miles  of  fresh  water, 
and  13,130  square  miles  of  land.  The  land  has  a 
particularly  close  relation  to  the  water  resource 
because  of  climatic,  topographic,  and  vegetative 
characteristics. 

The  Area  is  divided  into  thirteen  “basins”  for 
detailed  study  purposes.  This  Appendix  discusses 
many  characteristics  common  to  the  basins  under  the 
Puget  Sound  Area  portion  of  the  report. 

The  Puget  Sound  Area  has  three  topographic 
structural  provinces:  the  Olympic  Mountains  on  the 
west,  the  Puget  Sound  Trough,  and  the  high  Cascades 
on  the  east.  Much  of  the  central  Puget  Trough  is 
below  1,000  feet  in  elevation,  and  most  of  the  land 
suitable  for  farming  and  intensive  development  lies 
here.  The  Cascade  and  Olympic  Mountain  provinces 
are  higher  in  elevation  and  largely  in  forest.  Glacia- 


tion has  influenced  landforms  below  elevations  of 
about  2,600  feet. 

The  native  land  cover  is  coniferous  forest,  and 
about  75  percent  of  the  land  surface  is  still  occupied 
by  forest  growth.  Croplands  are  found  on  low 
terraces  and  alluvial  bottom  lands.  Lands  best  suited 
for  farm  use  comprise  about  6 percent  of  the  land. 
Croplands  are  largely  used  for  forage,  vegetables, 
berries,  and  specialty  crops. 

Generalized  land  use  (1964)  is  as  follows: 

Acres 


Cropland  591,500 

Rangeland  106,400 

Forest  7,039,200 

Rural  non-agricultural  238,900 

Built-up  areas  428  300 

Freshwater  152,400 

Saltwater  1,555,500 


10,112,200 

A climatic  feature  is  the  seasonal  variation  of 
precipitation  causing  dry  summers  and  wet,  generally 
mild  winters.  Precipitation  results  from  cyclonic 
movement  of  marine  systems.  Orographic  influences 
cause  variations  of  precipitation  with  heavy  winter 
accumulations  of  snow  in  the  higher  mountains. 
Several  glaciers  contribute  summer  flow  to  the  larger 
rivers.  Some  small  streams  have  very  low  flow  during 
dry  periods. 

There  are  over  2,800  lakes,  about  half  having 
surface  areas  less  than  five  square  miles.  Twenty-four 
major  impoundments  have  been  constructed  mainly 
for  hydroelectric  generation  and  water  supply.  Over 
1 300  small  ponds  for  rural  water  supply  and  recrea- 
tional use  are  known  to  have  been  constructed.  Few 
impoundments  have  flood  control  as  their  major 
purpose  because  of  the  large  volume  of  flow  during 
the  winter  flood  season.  A good  supply  of  ground 
water  underlies  much  of  the  bottom  land  area  and  is 
frequently  utilized  for  rural  use,  including  supple- 
mental irrigation. 

Soils 

Soils  are  a basic  resource  and  possess  a remark- 
able range  of  properties  affecting  hydrologic  proper- 
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lies  of  watersheds  as  well  as  their  suitability  for 
production  and  adaptation  to  various  developed  uses. 
Each  site  condition  for  production  or  development 
imposes  conditions  related  to  the  soil  for  protection 
under  conditions  of  sustained  use.  Over  800  soil 
mapping  units,  based  on  the  cooperative  soils  survey, 
have  been  described,  measured,  and  interpreted  for 
selected  conditions  of  use.  Exhibit  1 of  this  Appendix 
contains  considerable  physical  and  interpretative 
information  to  guide  watershed  management.  A 
glossary  of  terms  is  included  in  the  Exhibit. 

Only  low  intensity  soil  surveys  are  available  for 
lands  within  national  park  and  national  forest  boun- 
daries. Most  of  the  land  in  non-Federal  ownership  has 
been  covered  with  medium  intensity  surveys.  There  is 
a need  to  update  some  of  the  surveys  and  to  complete 
high  intensity  surveys  in  parts  of  the  Area  to  guide 
resource  development  and  management.  Needed 
surveys  should  be  accelerated  for  completion  by 
1980.  Estimated  cost,  including  publishing,  is  $3 
million. 

Watershed  Rehabilitation  and  Protection 
Measures 

An  outstanding  characteristic  of  the  Puget 
Sound  Area  is  that  while  erosion,  under  existing 
conditions,  is  nominal  compared  to  many  parts  of  the 
nation,  the  potential  for  erosion  is  very  high.  Serious 
damages  from  erosion  and  sediment  production  are 
prevented  only  by  the  generally  excellent  vegetative 
cover  condition.  When  vegetation  is  disturbed  in  any 
way  the  disturbed  land  becomes  a critical  erosion  area 
until  the  land  becomes  stabilized. 

Much  advantage  is  gained  by  careful  selection 
of  suitable  areas  for  specific  development  of  various 
kinds,  followed  by  treatment  measures  in  combina- 
tions selected  to  protect  the  land  under  the  selected 
kind  and  intensity  of  use.  About  1,352,000  acres 
have  a moderate  to  severe  erosion  hazard,  and 
5,505,300  acres  have  a severe  to  very  severe  erosion 
hazard.  The  critical  erosion  area  at  any  point  in  time 
consists  of  138,000  acres  newly  disturbed  each  year 
by  various  kinds  of  economic  activity;  in  addition  to 
lands  similarly  disturbed  each  year  by  natural  causes 
such  as  landslides,  wild  fire,  floods,  and  stream 
channel  erosion;  and  lands  recovering  from  like 
disturbances  of  previous  years. 

Many  watershed  rehabilitation  and  protection 
measures  are  of  a recurring  nature  and  must  be 
reestablished  periodically  and  carefully  maintained  to 
be  effective.  The  cost  is  largely  borne  by  the 


landowner,  and  in  the  case  of  public  lands  by  the  land 
administration  agency.  The  existing  level  of  such 
practices  satisfactorily  maintained  on  the  land  is 
estimated  to  be  about  40  percent  of  that  required  to 
meet  the  needs  of  future  years.  Sec  Tables  2-15,  2-16, 
and  2-17  for  estimated  program  costs  by  time  frames. 

Sediment 

Sediment  is  a by-product  of  erosion.  Soil 
particles  are  detached,  then  moved  hy  flowing  water. 
Movement  by  wind  is  of  localized  importance  in  the 
Area.  Large  quantities  of  sediment  are  carried  from 
the  land  each  year.  Only  a small  part  of  the  gross 
erosion  reaches  stream  courses  and  becomes  part  of 
the  sediment  delivery  load.  A general  estimate  is  that 
at  least  1,600  acre-feet  of  sediment  delivery  is 
achieved  annually.  Sources  of  this  sediment  are 
considered  as  follows:  cropland,  9 percent;  forested 
lands,  63  percent;  rangeland,  2 percent;  and  all  other 
lands,  26  percent. 

Some  sediment  delivery  is  natural,  but  excessive 
movement  causes  many  damages  not  fully  understood 
or  evaluated.  Sediment  accumulation  in  channels 
induces  flooding,  and  sediment  is  recognized  as  an 
agent  of  pollution  affecting  many  elements  of  the 
environment.  Excess  sediment  causes  large  damages 
to  streams,  estuarine  areas,  and  property.  The  classifi- 
cation of  the  kinds  of  sediment,  its  measurement , and 
its  immediate  and  long-term  effects  on  various  eco- 
logical and  environmental  values  is  incomplete.  A 
need  exists  in  the  Area  for  evaluation  of  damages  and 
potential  measures  for  damage  reduction  beyond  the 
comprehensiveness  and  intensity  now  accomplished. 
A study  is  proposed  for  monitoring  and  evaluation, 
requiring  cooperation  between  appropriate  State  and 
Federal  agencies,  at  an  annual  cost  of  5150,000  for 
an  extended  term  of  years. 

Beach  and  Shore  Erosion 

The  erosion  of  beach  lands  and  shores  of  Puget 
Sound  is  continuing,  and  serious  shore  erosion  condi- 
tions are  found  on  187  miles  of  Puget  Sound  coast. 
These  are  unique  areas  having  large  potential  for 
recreation  and  other  purposes.  A study  is  needed  to 
evaluate  loss  and  probable  means  of  control.  The 
study  will  cost  $500,000  over  a period  of  several 
years,  and  corrective  measures  are  estimated  to  cost 
$200  million  by  the  year  2020. 

Flood  Damage  Reduction 

Acreage  subject  to  flooding  has  been  estimated 
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on  the  basis  of  known  flood  history  and  geomor- 
phology of  soils.  An  estimated  747,000  acres  are 
subject  to  floodwater  damages  of  some  degree  at 
intervals  more  frequent  than  once  in  100  years.  Of 
this  total,  276,800  acres  are  subject  to  overbank 
flooding  of  major  rivers,  in  addition  to  other  sources 
of  such  damage. 

The  area  subject  to  damages  (1969)  consists  of 
190,800  acres  of  forested  lands;  454,400  acres  of 
cropland;  and  101300  acres  of  urban  and  rural 
non-agricultural  lands.  Damage  from  floodwater  is 
estimated  at  $15,954,000  annually,  of  which 
$7,132,000  represents  average  annual  overflow  dam- 
age of  major  rivers. 

The  best  cropland  (about  6 percent  of  the  land 
area)  of  the  Puget  Sound  Area  is  located  in  alluvial 
flood  plains,  and  the  use  of  such  hazard  areas  should 
remain  in  cropland  or  other  open  use  to  minimize  the 
cost  of  protection  and  to  limit  the  valuation  subject 
to  damages.  Protection  needed  for  croplands  is 
against  damage  generally  caused  by  floods  recurring 
more  frequently  than  once  in  ten  years;  and  lesser 
degrees  of  protection  are  often  of  economic  benefit. 
Many  developed  uses  and  urbanized  areas  require 
protection  against  floods  recurring  more  frequently 
than  once  in  100  years. 

Damage  reduction  is  estimated  as  needed  on 
556,200  acres  by  the  year  2020.  Reduction  of  flood 
hazard  is  considered  a prerequisite  of  investments  for 
production  efficiency  on  cropland  or  other  economic 
development.  The  required  degree  of  protection 
depends  on  the  use  of  the  land  after  development. 

Flood  Control  Measures 

Flood  control  measures  are  structural  measures 
on  major  rivers  designed  to  prevent  channel  overflow 
onto  adjacent  lands.  Appendix  XII,  Flood  Control, 
specifically  considers  this  source  of  damage  and 
proposes  28  projects  for  early  action,  with  additional 
projects  in  later  years  providing  protection  from 
overflow  to  307,000  acres  by  the  year  2020. 

Flood  Prevention  Measures 

Flood  prevention  measures  are  described  in 
Appendix  XIV,  Watershed  Management,  and  consist 
of  land  treatment  and  structural  measures  to  reduce 
floodwater  damage.  These  measures  provide  damage 
reduction  from  tributary  streams  to  flood  plains  and 
lands  along  minor  streams.  Twenty-five  projects  on 
small  watersheds  (leu  than  250,000  acres  each)  have 
flood  prevention  measures,  in  addition  to  drainage 


improvements  and  measures  for  other  purposes,  and 
are  proposed  for  early  action  in  Appendix  XIV, 
Watershed  Management.  An  additional  85  small  pro- 
jects are  estimated  to  be  feasible  by  the  year  2020. 
The  early  action  projects  provide  flood  prevention 
benefits  to  188,000  acres,  in  addition  to  other 
benefits  at  an  estimated  cost  of  $33,890,000. 

Flood  prevention  measures  are  often  comple- 
mentary to  flood  control  measures,  and  both  types  of 
measures  are  frequently  required  to  achieve  full 
potential  damage  reduction  and  development  bene- 
fits. Full  and  timely  achievement  of  these  benefits  in 
the  early  action  program  is  best  achieved  by  contem- 
porary authorization  of  major  flood  control  projects 
and  small  watershed  projects  containing  flood  preven- 
tion and  drainage  purposes,  followed  by  timely 
installation  of  interrelated  features.  Flood  prevention 
features  are  summarized  in  Table  .2-20  of  this 
Appendix  and  described  in  additional  detail  at  the 
individual  basin  level. 

Cropland  Drainage  Improvement 

Much  cropland  has  had  at  least  some  degree  of 
drainage  improvement  installed.  In  order  to  achieve 
the  greater  production  efficiency  required  in  future 
years,  the  degree  of  drainage  must  be  increased  on 
much  of  the  land.  Only  land  presently  in  crops  is 
considered  as  part  of  the  Puget  Sound  Area  requiring 
improvement.  To  achieve  potential  production, 

482.000  acres  will  require  further  improvement.  In 
some  cases  protection  from  flood  damage  is  a 
prerequisite  for  improvement.  In  many  cases  project- 
type  community  drains  are  required  before  invest- 
ments in  field  drainage  are  practical.  An  average  net 
benefit  of  $16.10  per  acre  has  been  attributed  to 
drainage,  but  each  site  requires  individual  considera- 
tion. Drainage  will  largely  be  installed  as  an  invest- 
ment by  the  landowner  where  feasible  outlets  are 
available  and  where  protection  from  floodwater 
damage  adequately  safeguards  his  investment.  See 
Table  2-14  for  estimated  costs  of  drainage  by  basin. 

Urban  Drainage  Improvement 

The  area  of  urban  development  needing  drain- 
age is  estimated  on  an  average  density  of  six  persons 
per  developed  acre.  Drainage  of  foundations  and 
establishment  of  storm  drains  are  deemed  necessary 
to  make  the  urban  development  practical.  About 

1.040.000  acres  will  require  such  work.  The  esti- 
mated cost  averages  about  $33  per  dwelling.  The 
estimated  cost  does  not  include  special  outlet  require- 
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menu  which  will  vary  widely,  nor  any  aspect  of 
uniury  facilities.  A summary  of  estimated  costs  by 
basin  is  given  in  Table  2-14  of  this  Appendix. 

Irrigation 

Irrigation  is  largely  of  supplementary  character 
except  in  localized  areas  having  low  rainfall  because 
of  mountain  rain  shadow.  The  practice  will  become 
increasingly  important  as  the  needs  of  the  Area 
require  more  production  from  less  available  cropland. 
In  1966  it  was  estimated  91 ,700  acres  were  irrigated. 

Irrigation,  like  drainage,  is  installed  mainly  by 
individual  landowners  in  response  to  a profit  motive. 
Investments  in  irrigation  will  follow  improvements 
that  reduce  hazards  of  loss  due  to  flooding  and  poor 
drainage.  A large  amount  of  future  irrigation  will 
continue  to  be  by  individual  initiative  through 
pumping  from  ground  water  or  diversions  from  small 
streams  or  storage. 

A potential  exists  for  project-type  develop- 
ments after  1980.  A need  for  396,000  acres  of 
irrigation  by  2020  is  based  on  full  development  of 
cropland  for  production,  expressed  by  Appendix  IV, 
Economic  Environment.  Appendix  VU,  Irrigation, 
estimates  223,000  acres  to  be  irrigated  in  2020.  The 
apparent  deficiency  of  173,000  acres  of  irrigation,  if 
borne  out  by  future  events,  translates  into  a future 
deficiency  of  production  requiring  increased  import 
of  food  and  fiber  into  the  Area. 

Recreation 

Only  a relatively  small  amount  of  non-Federal 
land  it  specifically  used  for  recreation.  The  muitiple- 
use  of  privately-owned  land  and  the  multiple-use  of 
Federal  and  State-owned  lands  furnish  most  of  the 
ample  recreational  opportunity  at  the  present  time. 
There  are  about  4,160,000  acres  of  public  lands 
available  for  recreational  use.  Recreation  demand  is 
expected  to  increase  rapidly  (Appendix  X,  Recrea- 
tion). 

There  is  a potential  for  development  of  private 
lands  for  recreational  use  for  special  purposes  or  in 
areas  near  metropolitan  centers.  A large  potential  for 
such  developments  will  begin  before  the  year  2000 
and  will  create  a demand  for  specialized  facilities  and 
services  best  provided  through  private  enterprise. 
Reservoir  sites  and  other  natural  features  exist  that 
may  be  developed  for  recreational  appeal  during 
future  years. 


Fish  and  Wildlife  Habitat 

Present  general  status  of  habitat  is  much  lower 
than  in  pioneer  days.  For  appraisal  of  conditions  see 
Appendix  XI,  Fish  and  Wildlife.  Many  opportunities 
exist  for  correcting  limiting  conditions  and  for 
protecting  and  enhancing  the  value  of  habitat  in 
connection  with  projects  for  management  of  water 
and  related  lands. 

Municipal  and  Industrial  Water 

Generally  adequate  supplies  of  municipal  and 
industrial  water  for  development  exist  (1964).  (See 
Appendix  VI,  Municipal  and  Industrial  Water 
Supply.)  Most  of  this  water  is  diverted  from  streams 
and  rivers.  Storage  in  greater  amounts  will  be  required 
after  1980  for  base  needs  as  well  as  for  balancing 
purposes.  Opportunities  exist  for  inclusion  of  capa- 
city in  large  impoundments  and  for  construction  of 
small  impoundments  within  multiple-purpose  pro- 
jects. 

Water  Quality 

Existing  water  quality  is  generally  good  to 
excellent.  Watershed  rehabilitation  and  protection 
measures  assist  in  reducing  sediment  and  sediment- 
related  pollution.  Rural  areas  are  often  served  by 
local  wells  where  potable  water  is  available;  however, 
many  localities  are  supplied  by  distribution  systems 
operated  by  public  utility  districts,  municipalities, 
and  others.  Usual  treatment  is  chlorination.  More 
advanced  treatment  may  be  required  in  future  years. 

Water  Yield  Improvement 

No  land  is  managed  primarily  for  yield  improve- 
ment at  this  time.  A potential  may  develop  on 
selected  watersheds  and  associated  snowfields  after 
1980.  Management  may  include  artifically  induced 
precipitation  as  technology  develops.  A need  exists  to 
study  potential  for  such  development  in  specific 
adaptation  to  Puget  Sound  conditions.  The  study 
should  be  completed  by  1980  and  is  expected  to  be 
financed  by  reorientation  of  on-going  State  and 
Federal  programs. 

Lowflow  Augmentation 

Climatic,  topographic,  and  soils  conditions 
induce  a low  flow  in  many  streams  that  greatly  limit 
utility  for  many  purposes.  A need  exists  for  study 
and  development  of  watershed  management  measures 


to  improve  summer  flow.  The  study  should  he  carried 
forward  hy  cooperative  efforts  of  State,  Federal,  and 
private  interests  largely  by  reorientation  of  existing 
programs.  Large  benefits  would  accrue  to  various 
purposes  for  improvement  of  this  condition. 

Sediment  Study  Evaluation  and  Monitoring 

A study,  estimated  to  cost  SI 50,000  annually, 
should  he  initiated  to  classify  sediment  according  to 
physical,  chemical,  and  biological  nature,  as  well  as  to 
quantity:  and  to  evaluate  long-term  effects  of  sedi- 
ment production  and  movement  on  various  eco- 
nomic. ecological,  and  other  environmental  qualities 
going  beyond  present  efforts.  The  cost  of  a long-range 
monitoring  and  evaluation  effort  is  expected  to  be  a 
cooperative  project  between  agencies  of  the  State  and 
Federal  governments.  The  purpose  is  to  investigate 
means  for  conserving  and  enhancing  many  environ- 
mental and  economic  values. 

Land  Use  and  T reatment  Study 

This  study  is  allied  in  part  with  the  sediment 
study  and  will  include  in  addition  various  economic 
and  social  effects  on  production,  employment,  and 
environment  not  presently  fully  evaluated.  Means  of 
describing  and  quantifying  aesthetic  features  under 
Puget  Sound  conditions  should  be  considered.  Prelim- 
inary results  should  be  available  before  1980.  The 
project  is  expected  to  be  carried  forward  by  coopera- 
tive effort  of  agencies  of  the  State  and  Federal 
governments  through  acceleration  and  reorientation 
of  on-going  programs.  The  annual  cost  of  acceleration 
is  not  estimated. 

Production 

Development  and  adoption  of  improved  tech- 
nology for  production  efficiency  under  a sustained 
basis  must  be  accelerated  if  production  is  to  maintain 
its  relative  position  in  the  face  of  a declining  land 
base.  A stable  and  viable  farming  and  forestry 
enterprise  is  needed  for  the  private  sector  to  fully 
participate  in  measures  aimed  at  better  stewardship  of 
land  and  water  resources.  This  will  be  accomplished 
by  acceleration  and  reorientation  of  on-going  pro- 
grams administered  by  various  State  and  Federal 
agencies. 

Education 

There  is  a need  for  an  increase  in  numbers  and 
betterment  of  preparation  of  graduates  in  tech- 
nologies involving  scientific  agriculture  and  resource 
management  conservation  and  development.  A short- 


age of  qualified  graduates  has  been  apparent  during 
recent  years  Information  and  incentives  arc  required 
for  increasing  undergraduate  and  graduate  participa- 
tion in  these  fields,  and  for  sustaining  the  educational 
plant  to  service  these  students.  No  cost  is  estimated. 

Information 

Means  must  be  found  to  inform  and  interest  the 
urban  resident  in  practical  aspects  of  resource  conser- 
vation and  development,  as  well  as  to  assist  in  the 
adoption  of  improved  technology  hy  land  managers 
and  administrators.  Acceleration  and  reorientation  of 
existing  programs  are  required.  No  cost  of  accelera- 
tion is  estimated. 

U.S.  Department  of  Agriculture  Program 

Many  of  the  program  and  project  features  of 
watershed  management  lie  within  responsibilities  ot 
the  U.S.  Department  of  Agriculture.  Selected  water- 
shed management  features  are  collected  and  pre- 
sented as  a USDA  program  emphasizing  watershed 
rehabilitation  and  protection  measures  and  projects 
for  improvement. 

The  early  action  LISDA  program  contains  25 
projects  for  small  watersheds  deemed  feasible  on  the 
basis  of  flood  prevention  and  water  management 
benefit.  These  projects,  in  addition,  contain  poten- 
tials for  including  specific  features  for  recreation 
benefits,  fish  and  wildlife  habitat  improvement,  and 
water  supply. 

There  is  an  urgency  for  installation  of  such 
measures  because  of  rapid  Area  development:  and  tor 
facilitating  concurrent  planning  and  timely  installa- 
tion of  features  interrelated  with  projects  of  the  State 
and  other  Federal  agencies.  For  these  reasons  the 
Secretary  of  Agriculture  is  expected  to  consider 
requesting  Area-wide  authorization  of  these  projects 
and  to  enter  into  cooperative  agreements  with  the 
Stale  and  with  other  Federal  agencies  to  implement 
all  parts  of  the  program,  including  the  special  studies. 

Impacts  of  Watershed  Management 

The  expected  action  of  the  Secretary  of  Agri- 
culture outlined  above,  coupled  with  similar  actions 
of  other  Federal  agencies  and  the  State  of  Washing- 
ton, is  expected  to  meet  the  urgencies  created  by 
rapid  growth  of  population:  result  in  orderly  develop- 
ment: cause  large  savings  in  cost  of  public  services  and 
cost  of  opportunities  foregone  through  inappropriate 
or  unplanned  development;  and  to  greatly  conserve 
and  enhance  many  environmental  values  through  the 
year  2020. 
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INTRODUCTION 


PURPOSE  AND  SCOPE 


This  Appendix  deals  with  management  of  the 
land  and  water  resources,  with  particular  emphasis  on 
units  of  these  resources  called  watersheds.  The 
management  is  in  the  interests  of  flood  prevention, 
land  stabilization,  prevention  of  pollution,  and  con- 
servation of  water  for  stream  stability,  and  for  the 
benefit  of  irrigation,  drainage,  and  other  purposes.  In 
this  discussion  “needs”  and  “potential  needs”  refer 
specifically  to  the  requirements  of  the  people  who 
inhabit  the  land.  In  this  context,  needs  began  with 
the  first  human  inhabitant  and  increase  with  the 
numbers  and  sophistication  of  these  inhabitants.  The 
actions  of  these  people  have  the  potential  to  improve 
the  natural  environment  for  their  needs  or  to  destroy 
it.  Needs  range  from  the  simple  necessities  for  survival 
to  include  "wants”  that,  in  truth,  can  be  met  in  more 
than  on  way  or  degree  or  be  temporarily  foregone  if 
required,  and  that  change  with  social  and  economic 
conditions  and  with  time  and  numbers  of  people. 
Production  of  the  Puget  Sound  Area  is  a share  of  the 
National  production  and  inis  production  is  expected 
to  increase  with  time  following  National  population 
growth. 

Many  of  these  needs  and  actions  of  the  people 
lie  in  future  years.  This  Appendix,  therefore,  first 
presents  broad  principles  and  consequences  of 
management  in  the  portion  devoted  to  the  present 
status  of  watershed  management  in  the  Puget  Sound 
Area.  This  is  followed  by  evaluation  of  needs;  then 
means  to  satisfy  needs  in  terms  of  feasibility  of 
projects  and  programs  estimated  for  the  years  1980, 


2000,  and  2020.  In  a large  measure  management  is 
derived  from  the  interaction  of  people  on  their 
environment.  Therefore,  considerable  attention  is 
given  to  the  inventory  of  the  resources,  largely 
derived  from  geomorphic,  hydrologic,  and  ecologic 
considerations.  Much  of  the  data  specific  to  indivi- 
dual basins  and  watersheds  is  presented  in  tabular 
form  throughout  the  text,  and  important  information 
for  specific  planning  is  contained  in  the  exhibit 
following  the  main  presentation. 

The  goal  of  the  agencies  participating  in  this 
study  is  the  conservation,  development.  anr!  mainten- 
ance of  the  land  and  water  resources  to  meet  the 
increasing  needs  of  the  people  in  the  years  to  come. 
The  challenge  to  the  present  and  future  inhabitants  is 
to  carry  on  into  the  next  century  the  wisdom, 
restraint,  and  continuing  study  required  to  protect 
the  favorable  environment  and  use  it  for  the  good  of 
all. 

This  Appendix  on  the  management  of  water- 
shed lands  in  the  Puget  Sound  Area  contains  inven- 
tories and  analyses  used  to  support  plans  and  conclu- 
sions presented  in  the  Summary  Report.  Plans  thus 
presented  consist  of  programs  and  projects  in  the 
interest  of  meeting  present  and  future  needs  by  the 
best  possible  utilization  and  conservation  develop- 
ment of  the  natural  resources.  This  Appendix  con- 
siders numerous  separate  but  related  factors  concern- 
ing the  care  and  use  of  the  land  resource,  together 
with  the  resulting  effects  on  water. 


LAND  AND  PEOPLE 


Land  is  the  resource  base  for  nearly  all  human 
activity;  the  source  of  the  direct  and  indirect  prod- 
ucts of  farms,  grasslands,  forests,  and  mines.  It  is  the 
space  required  for  cities  and  towns,  industries,  ground 
transportation,  wildlife,  natural  environment,  and 
many  aesthetic  values,  but  in  the  sense  of  the  physical 
geography  of  a region,  the  land  is  much  more.  It  is 
the  area  that  receives  the  precipitation,  stores,  and 
releases  it  for  streamflow,  and  replenishes  the  ground 
water  province. 


The  land  area  is  a fixed  quantity  and  must 
satisfy  the  diverse  needs  of  the  people  for  all  time. 
Future  developments  will,  in  effect,  depend  upon 
how  well  the  land  can  be  used  for  the  multiple- 
purposes  of  an  expanding  population. 

The  ability  of  man  to  change  the  land  is 
steadily  increasing.  Earth-moving  machinery  can  be 
used  to  remove  the  natural  cover  and  make  limited 
changes  in  topography.  Roads  and  other  transporta- 
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lion  facilities  change  (lie  accessibility  of  land  with 
regard  to  population  centers.  Other  changes,  such  as 
irrigation,  may  modify  the  climate;  and  covering  the 
land  with  pavements  and  roofs  will  change  runoff  of 
water.  Some  of  these  changes  arc  reversible,  while 
other  changes  are,  in  a practical  sense,  permanent. 
The  available  land  ranges  over  a wide  spectrum  of 
elevation,  topography,  climate,  vegetative  produc- 
tivity, and  permeability.  Good  judgment  dictates  that 
land  for  various  types  of  development  be  wisely 
chosen  and  carefully  developed  and  treated,  so  that 
irreversible  changes  are  not  needlessly  induced  in 
critical  areas  or  without  full  consideration  of  the 
consequences.  The  difficulty  lies  in  the  practical  fact 
that  the  consequences  of  unwise  development  or 
development  methods  may  not  become  apparent  at 
once  but  may  induce  chain-like  changes  in  the 
environment  that  will  persist  long  after  the  act  and 
contribute  greatly  to  the  cost  of  opportunities  fore- 
gone for  those  who  follow. 

Lands  vary  widely  in  their  ability  to  accept 
development  from  the  natural  condition  into  inten- 
sive use  by  man.  Some  areas  have  the  capability  to 
accept  given  changes  with  minimum  damage  to  the 
stability  of  the  soil  mantle  or  to  the  hydrologic  cycle. 
Other  areas  are  critical  and  disturbing  them  by 
development  may  result  in  widespread  damages,  both 
within  and  outside  the  area.  Every  such  developed 
area  thus  has  certain  minimum  needs  for  treatment 
and  maintenance  in  order  to  allow  continued  use  in 
the  developed  situation.  The  treatment  and  mainten- 
ance are  costs  required  for  developed  use.  These 
minimum  requirements  or  costs  are  tolerable  in  some 
areas  and  for  some  uses  and  prohibitive  in  others,  and 
these  factors  are  constraints  on  development.  The 
public  is  an  interested  party  to  changes  in  land  use 
and  consequent  treatment,  for  many  of  the  costs  are 
directly  or  indirectly  borne  by  the  public  and  the 
losses  or  benefits  from  the  development  become 
secondary  losses  or  benefits  to  all  the  people. 

The  dramatic  expansion  of  urban-type  develop- 
ments, highways,  and  other  construction  since  World 
War  II  causes  concern  about  increasing  sediment  loads 
that  reach  the  rivers,  streams,  lakes,  reservoirs,  and 
estuarine  zones  from  various  forms  of  resource 
exploitation.  A study  is  warranted  to  determine 


long-term  effects  of  sediment  production  movement 
and  deposition  in  the  Area  and  to  determine  the  best 
means  for  remedial  measures.  Much  of  the  best 
agricultural  land  is  threatened  by  urban  expansion 
and  by  conversion  to  doubtful  land  uses  around 
cities.  This  results  in  increasing  pollution  and  other 
damages,  including  the  loss  of  environmental  values. 

During  these  years,  there  has  been  a significant 
migration  of  people  to  the  cities  and  a contemporary 
loss  of  rural-based  population.  But  the  people  in  the 
cities  have  not  escaped  the  land;  urban  people  in 
many  ways  become  more  dependent  on  watershed 
decisions  than  when  the  population  was  relatively 
dispersed  in  the  rural  environment.  An  unhappy 
aspect  of  this  arrangement  is  that  the  city  dweller 
often  has  less  intimate  knowledge  of  conditions,  and 
less  opportunity  to  directly  participate  in  land 
management  decisions,  by  reason  of  being  further 
separated  from  the  land  than  his  rural  counterpart. 

The  city  dweller,  then,  must  learn  about  the 
land  and  must  find  means  to  delegate  and  encourage 
good  land  management  by  private  enterprise  and  by 
the  various  forms  of  government  if  the  land  and  water 
resources  are  to  be  used  to  achieve  the  greatest 
benefit.  Private  land  management  must  be  provided  a 
continuing  opportunity  to  share  in  economic  gains 
from  the  productive  uses  of  land,  for  only  in  this 
way-by  incentive -is  good  management  possible. 

There  is  no  shortage  of  land  or  water,  as  far  as 
can  be  predicted,  provided  the  best  use.  the  wisest 
allocation,  development,  and  treatment  measures  are 
applied.  The  matter  of  the  use  of  environment  is  too 
important  to  leave  to  chance.  A rational  alternative 
should  be  developed  to  cope  with  urban  congestion 
and  suburban  sprawl,  leaving  sufficient  space  in  the 
countryside  for  those  who  choose  to  live  and  work  in 
a rural  environment.  Uneven  distribution  of  oppor- 
tunity, whether  it  be  rural  or  urban,  is  a part  of  the 
total  conservation  management  problem  and  has  an 
important  bearing  on  the  future  successful  manage- 
ment of  the  physical  resources  of  the  Area.  The 
reader  may  recognize  this  as  a significant  part  of  the 
fundamental  long-term  problem  that  includes  not 
only  the  question  of  what  man  is  doing  to  his 
resources  but,  conversely,  what  will  the  environment 
do  to  and  for  man. 


THE  WATERSHED 


The  watershed  is  a unit  of  land  that  catches  water  at  some  lower  elevation.  Watersheds  are  termed 

precipitation  and  serves  to  move  and  concentrate  catchments  by  some  people,  and  by  others  arc 
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considered  to  represent  only  the  topographic  divide 
between  neighboring  drainage  basins. 

The  most  easily  visualized  watersheds  are  those 
occurring  in  the  upland  topography  of  Western 
Washington  where  streams  are  deeply  incised  and 
divides  are  distinct.  In  southern  Pierce  County,  the 
watershed  may  be  subterranean  and  a divide  is  not 
easily  visible  on  the  surface.  In  brief,  all  land  is 
watershed  land  that  is  capable  of  yielding  water, 
either  as  surface  runoff  or  as  subsurface  flow. 

The  extensive  dissection  of  land  by  rivers  and 
streams  and  the  smallest  rill  permits  one  to  question 
where  a watershed  begins  and  ends.  River  basin  and 
watershed  planning  by  different  agencies  of  govern- 
ment, and  the  delineation  in  Federal  law  of  what  are 
thought  to  be  small  watersheds  at  250,000  acres,  have 
complicated  usage  of  the  term  “watershed.”  The  size 
of  a watershed  depends  on  two  factors:  the  natural 
occurrence  of  watershed  boundaries,  and  the  neces- 
sity for  delineating  small  or  large  watersheds  from  the 
standpoint  of  water  control  or  other  forms  of  water 
management.  Thus,  depending  on  the  purpose  of  the 
study  involved,  a watershed  can  be  the  size  of  the 
largest  river  basin  down  to  watershed  areas  an  acre  or 
less  in  size. 

A more  specific  interpretation  of  watershed  size 
should  be  made  from  the  standpoint  of  land  manage- 
ment. The  extent  of  local  development  and  manage- 
ment practices  and  the  effects  of  these  practices  will 
determine  the  watershed  area  to  be  encompassed,  and 
will  also  determine  the  scope  of  watershed  manage- 
ment. The  manager  normally  applies  specific  practices 
on  small  land  areas  or  watersheds;  in  other  words, 
attention  is  often  focused  on  the  smaller  recognizable 
ecological  complexes.  Every  facet  of  land-soil. 


MANAGEMENT  OF 

The  scope  of  the  subject  gives  rise  to  various 
technical  definitions  of  watershed  management  but 
all  generally  agree  that  the  land  and  related  water 
resources  are  the  ingredients  to  be  managed,  and  that 
good  management  is  to  result  in  a favorable  influence 
on  the  water  produced  from  or  utilized  in  the 
watershed.  This  requires  that  the  land  be  used  within 
its  capabilities  and  treated  according  to  its  needs 
under  the  uses  decided  upon,  and  that  the  water  itself 
be  managed  to  prevent  damages  to  the  resource  and 
to  achieve  the  desired  benefits. 


geology,  vegetation,  climate,  slope,  and  aspect-may 
have  a different  effect  on  water  yield  or  soil  erosion. 
Therefore,  emphasis  in  watershed  management  should 
be  placed  on  small  watersheds  that  closely  fit  the 
application  of  specific  development  practices.  The 
small  watershed  always  will  be  important,  whether 
emphasis  in  management  is  on  water  yield  control  or 
watershed  protection. 

As  stated,  emphasis  on  small  watershed  areas 
does  not  imply  that  watershed  management  is 
restricted  to  the  small  watershed.  An  individual 
management  unit  may  have  consequences  on  stream- 
flow  far  downstream,  and  the  cumulative  effect  of 
individual  units  in  the  subtributaries  of  a larger 
watershed  may  be  even  greater.  For  example,  cull  logs 
from  a timber-cutting  area  may  wash  into  a main 
stream,  jam  up,  and  cause  a bridge  and  road  washout 
following  an  unusually  intense  storm.  The  cumulative 
effect  of  silt  production  may  cause  the  entire 
watershed  behind  a dam  to  be  of  significance.  It  is  the 
downstream  effect  which  extends  the  size  of  the 
watershed  as  it  relates  to  the  scope  of  watershed 
management  and  also  poses  the  most  perplexing 
problems  for  land  managers,  now  and  especially  in 
the  future. 

In  this  Appendix,  areas  of  land  within  the  river 
basins  are  designated  as  watersheds  for  discussion 
purposes  and  are  shown  on  the  accompanying  maps. 
The  reader  should  recognize  that  the  watershed 
boundaries  thus  located  are  somewhat  arbitrary  con- 
cessions to  a practical  presentation.  Each  such  desig- 
nated area  contains  many  smaller  watersheds  that 
might  require  individual  consideration  for  some  levels 
of  management. 


THE  WATERSHED 

The  objectives  are  to  protect  the  land  against  all 
forms  of  soil  deterioration;  to  rebuild  eroded  or 
depleted  soils;  to  build  up  soil  fertility;  to  stabilize 
critical  runoff  and  sediment-producing  areas;  to 
improve  grasslands,  woodlands,  and  wildlife  habitat; 
to  conserve  water  for  beneficial  uses;  to  provide 
needed  drainage  and  irrigation;  and  to  reduce  flood- 
ing, swamping,  sediment,  and  pollution  damages. 
These  objectives  can  be  attained  by  the  application  of 
land  treatment  practices  and  by  building  water 
control  structures  on  individual  farms  and  upstream 
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drainageways  through  both  individual  and  organized 
action. 

Information  has  accumulated  over  many  years 
on  the  hydrologic  behavior  of  land;  i.e.,  the  relation- 
ship between  the  kind  of  land,  its  use  and  treatment, 
and  the  water  yield  and  streamflow.  There  is  now  a 
basic  understanding  of  the  relationship  between  the 
land  and  runoff,  walci  yield,  debris  deposition, 
pollution,  shoaling  of  stream  channels,  silting  of 
reservoirs,  storm  flows,  and  other  adverse  effects  that 
have  followed  excessive  logging,  construction  opera- 
ions,  and  fires. 

Among  the  hydrologic  functions  of  vegetative 
cover  are  breaking  the  impact  of  rainfall,  direct 
interception  of  a part  of  the  precipitation  by  aerial 
portions  of  plants,  dissipation  of  moisture  by  trans- 
piration and  evaporation,  and  binding  the  soil  against 
erosion.  A highly  beneficial  effect  of  vegetal  cover  is 
that  of  building  up  and  maintaining  the  organic 
content  of  the  soil,  thus  greatly  increasing  the 
infiltration  and  storage  capacity  of  the  soil  within  the 
root  zone.  Likewise,  the  maintenance  of  a cover  of 
undecomposed  and  partly  decomposed  organic 
matter  on  the  surface  of  the  soil  tends  to  prevent 
erosion  and  protects  the  pores  of  the  soil  from  being 
blocked  to  the  passage  of  water.  The  mechanical 
effect  of  stems  and  roots  serves  to  keep  the  water 
spread  over  the  surface  of  the  land,  prevents  forma- 
tion of  gulleys  and  retards  runoff  so  that  water  moves 
more  slowly,  allowing  more  time  for  absorption. 
Trees  and  other  ground  cover  shade  the  ground  and 
minimize  wind  movement,  thus  reducing  and  stabili- 
zing snowmelt  rates  and  serving  to  lessen  rapid  runoff 
and  promote  infiltration. 

Such  variables  as  climate,  geology,  and 
topography,  may  not  be  effectively  improved  for 
watershed  management  purposes  by  man’s  activities 
but  the  use  of  land  and  the  manipulation  of  vegeta- 
tion can  be  accomplished  with  comparative  ease. 
Watershed  management,  then,  is  to  a considerable 
extent  the  management  of  vegetation  and  the  soil 
mantle,  thus  providing  a degree  of  control  over  the 
rate,  amount,  timing,  and  character  of  runoff;  in  turn 
influencing  water  production,  water  quality,  floods, 
swamping,  and  land  stability. 

Most  watersheds  in  the  Puget  Sound  Area 
contain  a mosaic  of  land  types  on  which  a variety  of 
uses  may  be  in  progress,  including  forest,  cropland, 
urban,  transportation  systems,  and  others.  All  of 
these  uses  of  land  can  modify,  and  probably  have 
modified,  the  hydrologic  functioning  of  the  water- 


shed. For  example,  the  acres  of  concrete,  asphalt,  and 
roofing  within  an  urban  area  do  not  permit  optimum 
infiltration  of  water  into  the  soil  so  that  more  and 
quicker  runoff  will  occur,  thus  contributing  to  Hood 
peaks.  To  a greater  or  lesser  degree,  the  rainfall-runoff 
relationship  may  he  modified  on  other  types  of  land 
and  by  other  uses. 

Watershed  management  is  “tied”  to  the  land 
and  consequently  the  objectives  of  watershed  protec- 
tion and  water  yield  control  are  accomplished 
through  methods  and  institutions  that  are  used  to 
manage  land.  Increases  in  erosion,  flood  peaks,  or 
water  yield  may  occur  as  a consequence  of  a number 
of  land  use  practices  or  natural  phenomena.  Timber 
harvesting  on  forest  land  is  one  of  these  important 
uses.  Other  uses  or  natural  occurrences  are  wildfires 
or  controlled  burning  on  forest,  range,  or  farm  lands; 
grazing;  farm  cultivation;  highway  and  airport  con- 
struction; and  housing  developments.  Land  use  per  se 
may  so  modify  soil,  vegetation,  and  waterways  that 
the  Area  will  never  perform  the  same  hydrologic- 
function  as  before,  or  the  management  may  only 
modify  conditions  temporarily  and  natural  water 
control  may  return. 

Watershed  management  for  control  of  erosion, 
floods,  or  water  yield  is  a matter  of  evaluating  the 
way  in  which  management  practices  are  carried  out 
and  then  modifying  them,  if  necessary  and  possible. 
The  responsibility  rests  with  the  landowner  and  with 
delegated  managers.  Consequently,  the  forester,  the 
farmer,  and  the  city  manager  or  engineer  have  the 
maximum  responsibility  for  applying  watershed 
management.  In  this  State,  so  predominately  in  forest 
land,  the  forester’s  role  is  substantial. 

All  types  of  land,  and  all  uses  of  land,  may  he 
implicated  in  the  broadest  type  of  watershed  manage- 
ment if  they  measurably  affect  the  water  cycle, 
erosion,  or  water  quality.  Watershed  management 
includes  vegetative  management  as  an  important  and 
fundamental  aspect  of  the  work  hut  also  includes 
certain  classes  of  water  management  structures  that 
serve  to  supplement  vegetative  controls  for  increased 
effectiveness  or  security  or  are  for  the  purpose  of 
developing  optimum  benefits  from  management. 
Many  other  kinds  of  water  management  structures 
benefit  from  good  watershed  management  but  do  not 
in  themselves  contribute  to  the  management  of  the 
watershed  area. 

Puget  Sound  basins  yield  large  quantities  of 
good  quality  water,  but  there  are  large  seasonal 
variations  in  flow.  Heavy  winter  flows  are  frequently 
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damaging  and  cause  considerable  hank  erosion  and 
sediment  movement,  as  well  as  other  damages. 
Summei  Hows  may  be  so  low  as  to  cause  some 
shortages  ol  water  except  in  the  large  rivers.  Seasonal 
variations  may  he  more  pronounced  in  the  smaller 
tributaries.  Rapid  developnenl  of  the  Area,  especially 
along  the  eastern  shore  of  Puget  Sound,  has  inten- 
sified interest  m all  aspects  of  long-range  water 
planning  and  will  bring  increased  demands  on  the 
water  supply. 

Land  in,  or  close  to,  its  natural  condition  has 
numerous  interrelated  characteristics  that  are  the 
result  of  many  centuries  of  conditioning  to  the 
environmental  factors  of  climate  and  raw  geologic 
materials.  Some  of  these  characteristics  are 
topography,  vegetative  cover,  soil  mantle,  etc. 
Features  such  as  soil  mantle  stability,  permeability, 
and  water-holding  capacity  are  thus  in  a delicate 
dynamic  balance  between  the  forces  of  nature-a 
balance  reached  somewhat  by  trial  and  error  over 
long  periods  of  time. 

Because  of  the  importance  of  this  balance, 
much  of  this  discussion  is  based  on  this  complex 
relationship.  This  is  especially  true  of  the  relationship 
of  soil  and  vegetation  to  water  and  of  the  means  by 
which  this  relationship  can  be  improved  to  increase 
the  productivity  of  the  land  for  agricultural  purposes 
or  to  more  adequately  adapt  it  to  urban-oriented 
developments  of  various  kinds.  Where  these  relation- 
ships are  ignored,  there  is  greatly  increased  soil 


STUDY 

Published  and  unpublished  soil  surveys  were 
evaluated,  and  soil  mapping  units  were  measured  by 
subwatershed,  watershed,  and  basin  areas.  The  areas 
lacking  surveys  were  evaluated  using  best  available 
resource  information,  consisting  generally  of  unpub- 
lished data,  or  other  information  furnished  by  la;.J 
management  agencies.  The  resulting  compilation  is 
believed  to  be  the  best  possible,  short  of  additional 
detailed  soil  surveys.  Lands  thus  measured  were 
grouped  in  various  ways  by  physical  properties  to 
facilitate  interpretations  of  suitability  for  various  uses 
and  to  determine  treatment  needed  for  stability 
under  use. 

An  inventory  of  land  use  was  derived  by 


erosion,  loss  of  mantle  stability,  and  changed  hydro- 
logic conditions  that  can  result  in  giavc  problems  ot 
pollution,  swamping,  dinughl.  and  sedimentation. 

The  general  mechanism  ol  erosion  and  the 
subject  of  drainage  and  other  water  control  related  to 
conditions  of  land  and  its  use  are  discussed  Drainage 
methods  are  discussed  in  terms  of  the  results  to  be 
obtained  and  the  techniques  and  difficulties  in 
collecting  and  disposing  of  excess  water.  The  role  of 
soils  in  drainage  activities  is  examined  in  terms  ol 
amounts,  locations,  needs,  and  means  for  improve- 
ment. 

Certain  phases  of  water  management  are 
covered  in  Appendix  XII,  Flood  Control,  which  treats 
primarily  the  overflow  Hooding  from  principal 
streams,  and  Appendix  VII.  Irrigation,  which  is 
concerned  mainly  with  the  application  of  water  to 
increase  agricultural  yields.  These  subjects  are  not 
repeated  here  except  as  they  relate  to  land  stability, 
watershed  management,  and  drainage.  Water  supplies 
for  domestic  and  industrial  use  are  discussed  in 
Appendix  VI.  Municipal  and  Industrial  Water  Supply, 
and  in  Appendix  XIII.  Water  Quality  Control,  and  are 
not  treated  here  except  for  certain  factors  of  pollu- 
tion by  sediment  and  open  land  use.  Similarly,  needs 
and  effects  on  recreation  and  fish  and  wildlife  habitat 
are  covered  in  Appendix  X.  Recreation,  and  Appen- 
dix XI,  Fish  and  Wildlife,  respectively,  but  the  reader 
will  recognize  the  impact  of  sediment  and  uncon- 
trolled waters  on  these  resources  and  many  others. 


METHOD 

planimetering  results  of  field  investigations  recorded 
on  1965  aerial  photographs  at  a scale  of  two  inches  to 
the  mile,  supplemented  as  necessary  by  other  contem- 
porary photography  and  land  management  agency 
records.  Use  was  taken  as  the  purpose  rather  than  the 
strict  ecological  condition;  for  example,  forested 
areas  devoted  to  housing  developments  were 
measured  as  “built-up”  areas  rather  than  forest.  Six 
generalized  categories  of  use  were  measured:  urban, 
forest,  cropland,  rural  non-farm,  range,  and  inland 
water.  Acreages  thus  obtained  do  not  entirely  agree 
with  census  data  or  data  prepared  for  other  purposes 
but  give  a better  indication  of  actual  use  of  the  land. 

Generalized  ownerships,  where  shown,  are  from 
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county  records  or  published  atlases  of  ownership 
which  lag  somewhat  behind  actual  transfers.  Acreages 
thus  obtained,  while  suitable  for  general  planning, 
should  not  be  used  for  detailed  work  and  may  not 
agree  with  records  kept  for  legal  or  tax  purposes 
which  are  outside  the  scope  of  this  discussion. 

All  measurements  were  tabulated  by  automatic 
data  processing  methods.  The  tabulations  are  the 
result  of  measurements,  and  the  acreages  by  basins 
and  in  total  agree  closely  with  tabulations  made  for 
other  purposes.  No  effort  has  been  made  to  adjust 
acreages  to  agree  with  tabulations  prepared  for  other 
purposes  because  of  the  difficulty  in  adjusting  each  of 
the  many  subtotals  and  because  the  adjustment 
would  have  no  significance  in  land  management 
planning. 

Damages  from  flooding  are  based  on  average 
annual  cost  records  prepared  by  the  Flood  Control 
Committee  and  extrapolated  as  required  for  tributary 
areas  where  experience  records  are  unavailable.  Areas 
of  tributaries  subject  to  flooding  where  records  are 
unavailable  were  taken  as  alluvial  soils  with  0-3 
percent  slope. 

Wet  conditions  were  estimated  by  geomor- 
phologic  data  associated  with  the  soil  survey  and 
adjusted  to  generalized  land  use  through  considera- 


tion of  physical  evidence  and  local  information. 
Evaluations  of  watershed  areas  were  also  used  to 
extrapolate  an  estimate  for  watersheds  where  no 
detailed  information  on  probable  benefits  was  avail- 
able. 

The  cost  of  cropland  drainage  was  obtained  by 
using  local  costs  applied  to  the  drainage  experience 
grouping  of  soils.  Cropland  benefits  were  estimated  in 
a similar  manner,  using  experience  budgets  of  similar 
lands  before  and  after  drainage:  the  difference  in  net 
income  being  credited  to  drainage.  Forested  lands 
were  considered  as  not  requiring  drainage.  All  urban 
and  most  rural  non-agricultural  lands  were  considered 
as  requiring  drainage  and  water  disposal  facilities  due 
to  disturbance  of  the  hydrologic  pattern  and  the  high 
property  values  to  be  protected.  Costs  of  urban 
drainage  were  derived  from  typical  experience  and 
extrapolated  to  future  land  requirements  estimated 
by  the  Land  Use  Committee. 

Land  treatment  measures  for  land  stability  are 
derived  from  the  capability  classification  of  soils 
under  projections  of  land  use  derived  by  the  Land 
Use  Committee.  Needs  for  cropland  irrigation  and 
other  water  management  are  also  from  the  Land  Use 
Committee,  and  projections  by  the  Regional  Eco- 
nomic Studies  Technical  Committee. 
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PUGET  SOUND  AREA 
PRESENT  STATUS  AND  POTENTIAL 

THE  LAND  RESOURCE 


PHYSIOGRAPHIC  SETTING 

Within  the  l5.X00-square-mile  area  designated 
as  the  Puget  Sound  Study  Area  (see  Figure  2-1)  are 
striking  contrasts  in  Ivpes  of  terrain,  resulting  in  wide 
variations  in  the  Area's  water  resources.  The  lowlands 
contrast  markedly  with  the  mountains  of  the 
Olympic  and  Cascade  Ranges  which  form  the  Area’s 
western  and  eastern  borders.  A low  divide  forms  the 
southern  border,  separating  Pugei  Sound  drainages 
from  the  Chehalis  River  Basin. 

Puget  Sound  itself  is  an  attractive  inland  sea 
providing  a marine  setting  for  a large  part  of  the  Area 
and  containing  the  deep-water  harbors  of  its  principal 
cities.  The  salt  water  area  of  about  2.400  square  miles 
is  characterized  by  numerous  channels,  bays,  and 
inlets.  South  of  Admiralty  Inlet,  the  principal 
entrance  from  the  Strait  of  Juan  dc  Fuca. the  Sound 
branches  into  Hood  Canal,  a long,  narrow  body  of 
water  extending  southward  about  50  miles  near  the 
base  of  the  Olympic  Mountains.  Between  Puget 
Sound  and  Hood  Canal  is  the  Kitsap  Peninsula,  an 
area  of  582  square  miles,  that  lies  mostly  below  an 
altitude  of  500  feet.  On  the  peninsula,  as  on  the 
islands  of  the  Area,  available  water  resources  consist 
of  small  streams  and  ground  water. 

Alluviated  river  valleys,  with  broad  floors 
bordered  by  steep  hills,  constitute  an  important 
physiographic  feature  of  the  Puget  Sound  lowlands. 
The  lowland  valleys,  with  their  mountain-valley 
extensions,  contain  most  of  the  population,  industry, 
and  farming.  The  main  rivers  of  the  Area,  descending 
from  mountainous  headwaters,  course  through  the 
valleys  to  meet  the  salt  water  of  Puget  Sound  in  tidal 
estuaries.  The  valleys  are  separated  by  plateaus,  the 
gently  rolling  surfaces  of  which  arc  altered  segments 
of  a plain  that  formerly  was  continuous.  Terraces, 
lakes,  and  marshy  depressions  diversify  the  terrain  on 
the  plateaus.  In  much  of  the  Area,  the  transition  from 
broad,  hilly  lowlands  to  mountains  is  rather  abrupt. 

In  the  Cascade  Range,  which  flanks  the  eastern 
part  of  the  Area,  the  principal  rivers  head  at  altitudes 
where  precipitation  is  abundant  and  where  large 
amounts  of  snow  accumulate  each  winter.  The  higher 


ridges  generally  reach  an  altitude  of  about  8.000  feet 
in  the  north  and  5.000  feet  in  the  south.  Rising 
prominently  above  the  rather  uniform  summit  levels 
of  the  Cascades  are  the  inactive  volcanoes  of  Mount 
Baker  ( 10,778  feet).  Glacier  Peak  ( 10.541  feet),  and 
Mount  Rainier  (14  410  (eel).  The  27  named  glaciers 
on  Mount  Rainier  constitute  the  most  extensive 
glacier  system  of  any  peak  in  the  contiguous  United 
Stales.  However,  farther  north  in  the  Cascades, 
glaciers  are  more  prevalent  than  at  the  latitude  of 
Mount  Rainier.  The  alpine  country  of  the  North 
Cascades,  with  its  many  rugged  peaks,  glaciers,  and 
wild  rivers,  is  an  area  of  spectacular  scenic  beauty . 

The  Olympic  Mountains,  on  the  west  side  of 
the  Area,  arc  similarly  rugged  and  scenic.  They  are 
generally  at  a lower  altitude  than  the  peaks  of  the 
North  Cascades.  Within  Olympic  National  Park  is  a 
complex  system  of  deep  valleys  and  canyons,  separ- 
ated by  sharp  ridges  and  peaks  that  commonly  attain 
altitudes  of  b.OOO  feet.  In  contrast  to  the  Cascade 
Range,  there  are  no  volcanic  peaks  in  the  Olympic 
Mountains.  The  headwaters  of  the  largest  rivers 
originate  at  glaciers  and  snowfields  of  the  major 
peaks.  On  the  north,  relatively  narrow,  hilly  lowlands 
lie  between  the  Olympic  Mountains  and  the  Strait  of 
Juan  de  Fuca.  On  the  east  slope,  where  the  descent 
from  the  mountains  to  Hood  Canal  is  abrupt,  the 
only  significant  water  resource  development  is  in  the 
Skokomish  River  Basin. 

Within  this  setting,  the  development  and  use  of 
the  land  requires  careful  attention  to  the  protection 
of  water  and  soil  values.  For  a desired  level  of 
watershed  management,  the  major  factors  to  consider 
include  climate  (particularly  precipitation),  geology, 
topography,  soils,  and  vegetation. 

Climate 

Because  most  of  the  air  masses  that  reach  the 
Puget  Sound  Area  originate  over  the  Pacific  Ocean, 
the  climate  of  the  Area  is  predominately  a mid- 
latitude, west  coast,  marine  type.  The  maritime  air 
has  a moderating  influence  in  both  winter  and 
summer;  it  produces  a well-defined  rainy  season  in 
winter  and  a dry  season  in  summer  with  considerable 
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orographic  variation.  Only  occasionally  does  dry 
continental  air  from  the  north  or  east  reach  Puget 
Sound. 

Terrain,  position,  and  intensity  of  the  high  and 
low-pressure  systems  over  the  North  Pacific,  and 
westerly  winds,  as  well  as  distance  and  direction  from 
the  ocean,  have  an  influence  on  climate.  To  the  east, 
the  Cascade  and  Rocky  Mountains  shield  Western 
Washington  from  cold  winter  air  masses  traveling 
southward  across  Canada.  To  the  west,  the  Olympic 
Mountains  and  the  Coast  Range  on  Vancouver  Island 
effectively  protect  this  area  from  the  more  intense 
winter  storms  reaching  the  Coast.  The  Strait  of  Juan 
de  Fuca,  Strait  of  Georgia,  and  the  Chehalis  River 
valley  provide  low-level  passages  for  maritime  air 
moving  inland. 

Geology  and  Topography 

The  Puget  Sound  Area  has  three  topographic 
structural  provinces  which  are,  from  west  to  east,  the 
Olympic  Mountains,  the  Puget  Sound  Trough,  and 
the  high  Cascades  (see  Figure  2-1). 

Olympic  Mountains  Province  The  Olympic 
Mountains  province  comprises  the  whole  central  part 
of  the  Olympic  Peninsula  that  lies  on  the  west  side  of 
Puget  Sound.  The  mountains  are  extremely  rugged, 
comprising  a complex  system  of  valleys  and  canyons 
with  intervening  ridges  and  peaks  that  commonly 
attain  altitudes  of  6,000  feet.  The  descent  on  the  east 
slope  to  Hood  Canal  is  abrupt. 

The  core  of  these  mountains  is  composed  of 
bedded  rocks  consisting  of  slates,  argillites,  sand- 
stones, and  schists.  All  of  these  rocks,  originally 
marine  sediments,  were  uplifted.  Wrapped  around  the 
core,  and  open  to  the  west,  is  a thick  sheath  of  basalt 
flows  and  tuffs,  erupted  under  water,  and  now  more 
or  less  altered  to  greenstone. 

There  is  no  granite  in  the  bedrock  of  the 
Olympic  Range;  however,  abundant  boulders  of 
granite  and  other  “foreign”  rock  types  lie  on  the 
ground  up  to  elevations  of  3 jOOO  feet  across  the  north 
face  of  the  mountains.  These  boulders  were  deposited 
during  the  melting  of  glacial  ice  during  Pleistocene 
time. 

Puget  Sound  Province- The  Puget  Sound  prov- 
ince lies  between  the  Olympic  Mountains  on  the  west 
and  the  Cascade  Range  on  the  east.  It  consists  of  a 
depressed  area,  mostly  below  1 ,000  feet  in  altitude.  It 
is  occupied  in  part  by  the  intricate  reaches  of  Puget 
Sound,  Admiralty  Inlet,  and  Rosario,  Haro,  and 
Georgia  Straits. 


In  the  past  most  of  the  Puget  Sound  province 
was  completely  buried  under  glacial  deposits  from  the 
north.  The  land  under  the  Puget  Sound  has  sunk 
about  1,000  feet.  Where  the  lower  present-day  rivers 
flow  into  the  Sound  their  estuaries  have  been  silled 
up  to  form  rich  farmlands. 

Throughout  the  Puget  Sound  province  the 
bedrock  consists  largely  of  Tertiary  sedimentary 
formations  and  associated  lavas.  However,  erosion  has 
cut  through  these  formations,  exposing  here  and 
there  the  Paleozoic  and  Mesozoic  metamorphic  rocks 
beneath.  The  San  Juan  Islands  are  examples  of 
exposed  older  formations. 

Cascade  Province  The  Cascade  Mountain 
Range  province  lies  on  the  east  side  and  parallel  to 
the  Puget  Sound  province.  It  reaches  an  elevation  of 
about  8,000  feet  in  the  higher  ridges.  The  many  large 
rivers  and  their  innumerable  tributaries  have  dissected 
the  mountainous  area  into  deep  valleys,  canyons,  and 
ravines. 

The  intermittent  volcanic  activity  throughout 
Pleistocene  and  Recent  times  appears  to  he  partly 
postglacial.  All  volcanoes  were  initiated  on  a 
topography  that  was  already  very  rough  and  moun- 
tainous. Glacial  features  of  the  Cascades  include  the 
filled  estuaries  along  Puget  Sound. 

The  rocks  of  the  Cascade  Mountains  are  chiefly 
Paleozoic  and  Mesozoic  sedimentary  and  metamor- 
phic types.  Thousands  of  cubic  miles  of  the  granitic 
rocks  were  formed  at  some  considerable  depth  below 
the  older  compressed  rocks,  then  raised  up  into  a 
mountain  range  high  enough  that  their  cover  was 
eroded  away.1 

The  sediments  from  erosion  of  the  Cascade  and 
Olympic  Mountains,  and  the  glacial  material  from  the 
north,  are  the  parent  materials  from  which  most  of 
the  soils  at  the  lower  elevations  of  the  Puget  Sound 
province  formed.  The  parent  materials  of  the  soils  at 
higher  elevations  of  the  Olympic  and  Cascade  Moun- 
tains consist  mostly  of  sedimentary  and  igneous  rocks 
and  volcanic  matter. 

Under  natural  conditions,  the  surface  of  these 
raw  rock  materials,  sediments,  and  volcanic  matter,  is 
covered  with  a friable  mantle  of  soil- a great  natural 
resource- that  is  the  result  of  centuries  of  physical, 
chemical,  and  biological  forces  acting  on  the  parent 
materials. 

1 Campbell.  Charles  D.,  Division  of  Minas  and  Geology. 
Washington  Department  of  Conservation,  Wellington 
Geology  and  Resources,  Information  Circular  22R.  1962. 
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FIGURE  2-1.  Generalized  geologic  map  of  the  Puget  Sound  Study  Area 


Ecology 

The  native  land  cover  of  the  Puget  Sound  Area 
is  dominated  by  a dense  growth  of  conifers.  Grass- 
lands and  open  park-like  areas  occur  where  local 
soil-moisture-temperature  relationships,  history  of 
use,  or  frequent  fires  favor  grasses  more  than  trees. 

Since  the  glacial  epoch,  the  Area  has  exper- 
ienced several  climatic  cycles  which  affected  the 
vegetation.  Evidence  seems  to  suggest  the  period  of 
maximum  temperatures  occurred  between  8,000  and 
4,000  years  ago.  Changes  in  temperature  and  mois- 
ture conditions,  natural  forest  succession,  and 
possibly  disease,  may  have  influenced  the  vegetative 
changes  from  forests  of  white  pine  and  lodgepole  to 
other  species. 

Perhaps  the  most  detailed  study  of  postglacial 
forest  succession  has  been  made  by  Hansen,1  using 
the  Mount  Mazama  pumice  sediments  and  other 
sediments  containing  pollen  as  principal  dating  bench- 
marks, together  with  other  evidence.  The  climate  and 
chronology  data  shown  in  Figure  2-2  come  from  his 
work.  More  recent  studies  based  on  carbon  14  dating 
techniques  have  modified  the  absolute  dates  some- 
what, but  the  chronological  order  is  essentially 
unchanged  from  that  given. 


LAND  COVER 

The  Puget  Sound  Area  suports  a dense,  natural 
vegetative  cover  as  a result  of  the  prevailing  maritime 
climate.  Before  the  white  man  came,  the  Area  was 
almost  wholly  blanketed  by  dense,  coniferous  forests 
which  still  occupy  over  75  percent  of  the  total  land 
area.  Forests,  composed  mainly  of  Douglas-fir, 
western  hemlock,  western  red  cedar  and  associated 
species,  occur  mainly  in  the  wetter  mid-elevations. 
The  lowland  areas  surrounding  Puget  Sound  are 
carpeted  by  a large  variety  of  herbaceous  and  woody 
vegetation,  including  scattered  stands  of  hardwoods 
and  second-growth  coniferous  timber.  Grass  prairie- 
like areas  occur  at  numerous  locations  in  the  southern 
and  western  sectors  of  the  Puget  Sound  Area.  The 
higher  elevations  in  both  the  Cascade  and  Olympic 
Mountains  contain  a typical  alpine  ground  cover 
interlaced  by  numerous  and  extensive  rock  barrens. 

Vegetative  cover  of  the  prairie-like  areas 

1 Hansen,  H.P.,  Postglacial  Forest  Succession.  Climate,  and 
Chronology  in  tha  Pacific  Northwest.  Trans.  Amer.  Phil.  Soc. 
37:  1-30.  1947. 


consists  primarily  of  grasses.  However,  scattered 
stands  of  Douglas-fir  and  Oregon  white  oak  are 
common.  Scotch-broom  has  now  invaded  parts  of  the 
open  areas. 

The  vegetative  cover  of  poorly  drained  mineral 
soils  consists  of  western  red  cedar,  western  hemlock, 
red  alder,  willow,  and  black  cottonwood.  The  under- 
story consists  of  evergreen  blackberry,  spirea,  ocean- 
spray,  wild  rose,  skunk  cabbage,  and  tules. 

Sedge  and  woody  peat  bogs  have  vegetative 
cover  consisting  of  western  red  cedar,  spirea,  ocean- 
spray,  evergreen  blackberry,  sedges,  and  tules.  Vegeta- 
tive cover  of  sphagnum  peat  bogs  consists  of  living 
sphagnum  moss,  Labrador  tea,  low-bush  cranberries, 
swamp  laurel,  and  scattered  stands  of  logdepole  pine. 

Tidal  flats  have  a salt  grass  cover  and  fresh 
water  marshes  commonly  have  cover  consisting  of 
tules  and  sedges. 

On  the  alluvial  flood  plains  or  bottom  lands, 
vegetative  cover  varies  with  the  degree  of  soil  drain- 
age. Generally,  the  poorly  drained  soils  with  water 
tables  of  less  than  five  feet  have  western  red  cedar  or 
mixed  stands  of  western  red  cedar,  western  hemlock, 
Douglas-fir,  red  alder,  and  bigleaf  maple. 

Aside  from  productive  values,  the  principal 
value  of  cover  is  in  the  protection  and  stabilization  of 
the  soil.  Vegetation  shields  the  soil  from  the  beating 
action  of  raindrops.  It  maintains  or  improves  soil 
infiltration  capacity  and  permeability.  Plant  roots 
bind  the  soil,  increasing  its  stability  against  movement 
by  gravity,  wind  or  water.  The  organic  litter  beneath 
the  cover  has  a sponge  effect,  holding  some  moisture, 
and  slowing  the  movement  of  what  it  cannot  hold.  As 
the  litter  decays  and  becomes  incorporated  with  the 
soil,  it  improves  soil  structure,  both  in  porosity  and  in 
moisture -holding  capacity. 

Plant  roots  penetrating  the  soil  body  also 
increase  soil  porosity  and  provide  additional  means  of 
temporary  storage  and  transmission  of  moisture 
within  the  soil.  Thus,  the  extent  and  condition  of  the 
cover  is  a major  factor  governing  the  quality  of  water 
produced  from  a given  watershed  area,  and  the  way 
the  water  runs  off  the  area. 

In  addition  to  its  affect  on  water  quality, 
vegetation  influences  the  amount  of  water  produced 
to  a considerable  degree.  Plants  are  themselves  users 
of  water.  The  amount  of  water  yielded  from  a 
watershed  under  vegetative  cover  is  dependent  on  a 
large  number  of  factors  which  can  be  summarized 
into  two  concepts:  (I)  the  amount  of  precipitation, 
and  (2)  evapotranspiration.  Precipitation  is  the  input 
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FIGURE  2-2.  Postglacial  climate  and  forest  succession1 
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I Hansen,  H.  P. , "Pos tglac ia I Forest  Succession,  Climate  and  Chronology  in  the  Pacific 
Northwest."  Trans.  Amcr.  Phil.  $oc.  37:  1-130,  191*7.  (Adapted  from  table  9.) 
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into  a watershed;  without  it.  there  would  be  no 
streamflow.  Evapotranspiration  is  the  water  leaving 
the  watershed  in  the  form  of  vapor.  It  occurs  from 
plant,  soil,  rock,  and  other  surfaces  in  response  to 
atmospheric  energy.  The  relationship  of  these  two 
factors  is  demonstrated  schematically  in  Figure  6,  in 
the  section  on  Land  Stability. 

In  the  Puget  Sound  Area,  the  major  part  of  the 
water  loss  through  evapotranspiration  is  due  to  the 
influence  of  vegetation.  While  there  is  a lack  of  data 
specifically  applicable  to  the  Puget  Sound  Area,  the 
available  information  indicates  that  the  annual  water 
yield  from  well-forested  watersheds  approximates  60 
percent  of  the  annual  precipitation.  The  remaining  40 
percent  of  the  precipitation  is  mainly  lost  through  the 
various  processes  of  evapotranspiration.  Vegetation 
alone  uses  some  30  percent,  or  about  one-third  of  the 
total  annual  precipitation. 

Complete  removal  of  the  vegetation  should 
result  in  greatly  increased  water  yields,  a statement 
that  is  generally  borne  out  by  observations  in  areas 
where  this  has  occurred.  However,  cover  removal 
causes  more  problems  than  advantages.  Plant  cover 
requires  a part  of  the  water  resource  in  making  its 
own  growth  but  where  there  is  no  cover,  or  inade- 
quate cover,  there  is  too  much  water  at  some  seasons 
and  not  enough  at  others.  Floods  alternate  with 
drought,  and  the  water  produced  is  too  turbid  and 
sediment-laden  for  use.  It  is  to  be  noted  that  this  is 
precisely  the  situation  that  occurs  following  wide- 
spread forest,  range,  or  brush  fires,  the  results  of 
which  are  commonly  known.  These  results  are  the 
direct  effect  of  wides,  read  cover  removal. 

While  widespread  cover  removal  normally  is  not 
desirable  for  a variety  of  reasons,  there  is  considerable 
opportunity  for  the  improvement  of  water  yields 
through  other  methods  of  cover  manipulation.  Exper- 
iments in  the  modification  of  forest  cutting  patterns; 
in  cover-type  conversion,  particularly  the  reduction 
of  heavy  water-using  plants;  or  in  snowpack  manage- 
ment, have  shown  that  water  yields  can  be  signifi- 
cantly altered.  Obviously,  such  programs  must  be 
carefully  planned  with  specific  objectives  in  mind.. 


LAND  USE 

Land  use  has  greatly  affected  the  composition 
of  the  cover.  Much  of  the  lowland  area  has  been 
cleared  for  urban,  suburban,  industrial,  or  agricultural 
uses.  These  bottom  lands  are  largely  used  for  inten- 


sive production  of  grass  for  dairy  cattle,  or  lor  other 
crops  such  as  vegetables  or  berries.  Some  land  has 
been  cleared  on  the  benchlandsor  moderately  rolling 
uplands  and  this,  also,  is  dominantly  used  for  the 
production  of  forage  for  livestock  enterprises.  Other 
lands,  primarily  the  upper  benchlands,  foothills,  and 
the  mountains,  remain  in  forest.  Much  of  the  timber 
has  been  harvested  and  is  in  varying  stages  of 
regrowth,  or  is  in  non -commercial  categories. 

The  natural  soil-cover  hydrologic  balance  is 
usually  well  maintained  in  that  a large  portion  of  the 
cropland  is  devoted  to  forage  production  while  the 
foothill  and  mountainous  areas  remain  in  timber  and 
brush.  The  lowland  areas,  and  much  of  the  higher 
benchlands,  were  logged  extensively  during  the  past 
century.  Brush  is  found  in  some  areas  that  have  been 
logged  and  burned  repeatedly.  Croplands  generally 
occupy  main  stem,  primary,  and  secondary  stream 
bottom  lands  and  glacial  terraces;  however,  rural 
non-farm  and  urban  areas  are  encroaching  upon  these 
lands  (see  Figure  2-3,  Generalized  Land  Use  map). 
Forests  occupy  steeper  slopes  at  the  higher  altitudes. 

Land  used  for  crops  in  the  Puget  Sound  Area 
totals  approximately  591 ,500  acres.  About  75  per- 
cent of  this  is  in  rotation  grass  for  livestock  and  the 
remainder  is  in  vegetables,  cane  fruits,  and  specialty 
crops.  Forest,  together  with  associated  open  areas, 
covers  approximately  seven  million  acres.  Water  and 
other  uses  combine  to  account  for  the  remainder. 
(Refer  to  Table  2-1.)  A summary  of  land  use  by 
basins,  and  definitions  of  the  various  uses,  may  be 
found  in  Exhibit  I . 


TABLE  2-1.  Present  land  use,  Puget  Sound  Area 


Class 

Acres' 

Cropland 

591,513 

Rangeland2 

106.448 

Forest3 

7,039.184 

Rural  non-agricultural 

238.854 

Built-up  areas 

428.330 

Fresh  water 

152.444 

Salt  water 

1,555.500 

Total 

10,112.273 

1 Unadjusted  measurements.  1966.  for  Puget  Sound  Area 
Study,  surveys  recorded  on  196S  aerial  photographs;  tabula- 
tions by  A DP  (Automated  Data  Processing).  Accuracy  to 
three  significant  figures. 

2 Unplowed,  unimproved  grasslands. 

2 Includes  non-forested  grass,  brush,  and  barren  land  com- 
monly associated  with  forest. 
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SOILS  OF  THE  PUGET  SOUND  AREA 


The  sediments  from  erosion  of  the  Cascade  and 
Olympic  Mountains,  and  the  glacial  material  from  the 
north,  are  the  parent  materials  of  most  of  the  soils  at 
the  lower  elevations  of  the  Area.  The  parent  materials 
of  the  soils  at  higher  elevations  of  the  Olympic  and 
Cascade  Mountains  consist  mostly  of  sedimentary  and 
igneous  rocks  and  volcanic  matter.  The  soil  at  any  site 
is  the  result  of  centuries  of  physical,  chemical,  and 
biological  forces  acting  on  the  parent  materials. 

The  soil  mantle  is  of  special  significance 
because  of  its  many  functions.  First  in  importance  is 
the  function  of  growth  of  vegetation.  This  growth  is 
the  source  of  food  and  fiber  for  consumption  as  well 
as  an  important  element  in  preventing  soil  movement 
and  loss.  The  soil  mantle  is  widely  used  as  a disposal 
area  for  waste  materials.  It  is  the  habitat  of  many 
kinds  of  helpful  bacteria  and  wildlife.  The  perme- 
ability of  the  soil  and  its  ability  to  retain  water  are  of 
great  hydrologic  importance.  The  stability  of  the  soil 
is  of  further  consequence  since  soil  erosion  is  the 
source  of  sediment.  The  soil  mantle  is  the  foundation 
of  many  structures  and  soil  itself  is  a common 
material  of  construction  for  many  structural  improve- 
ments. The  nature  and  treatment  of  the  soil  deter- 
mines how  well  these  various  functions  are  served. 

FORMATION  OF  SOILS 

Materials  from  which  soils  of  the  Area  are 
derived  are  considered  in  four  broad  categories.  They 
are  . ( I ) materials  weathered  from  intrusive,  extrusive, 
and  sedimentary  rocks;  (2)  glacial  sediments;  (3) 
lacustrine  deposits;  and  (4)  organic  deposits. 

The  parent  rock  materials  that  have  contributed 
to  soil  formation  in  this  Area  consist  of  graywacke, 
slate  and  limestone  of  the  Paleozoic  Era;  granite, 
arkose  sandstone,  argillite,  mica  schist,  conglomerate 
and  serpentine  of  the  Mesozoic  Era;  sandstone,  shale, 
andesite,  and  porphyritic  basalt  of  the  Eocene  Epoch 
of  the  Cenezoic  Era;  and  siltstone  , sandstone,  and 
basalt  of  the  Miocene  Epoch  of  the  Cenezoic  Era. 
Areas  lying  below  2,600  feet  elevation  were  modified 
by  glacial  scouring  and  mixing  of  parent  rock 
materials  during  the  Pleistocene  Epoch  of  the  Quater- 
nary Era.  The  Vashon  glacier  and  many  local  moun- 
tain glacier  advances  and  recessions  of  the  late 
Wisconsin  Glacial  Period  deposited  varying  depths  of 
mixed  glacial  alluvium  over  bedrock.  Many  kinds  of 
rock,  volcanic  ash,  and  pumice  are  the  parent 


materials  for  stream  bottom  lands  and  terrace  soils. 

Glacial  materials  are  classified  as  basal  till  and 
ablation  till.  Basal  till  consists  of  compacted  or 
cemented  materials,  whereas  ablation  till  consists  of 
loose  outwash  sand  and  gravels.  Flood  plain  or 
alluvial  soils  were  formed  in  soil  materials  which 
eroded  from  upland  areas,  carried  by  floodwaters, 
and  deposited  in  the  valley  floors.  Some  soils  have 
formed  at  elevations  above  the  glacial  influence. 
Organic  soils  have  their  source  in  closed  glacial  basins 
and  shallow  slack  water  stream  channels  and  bays.  In 
these  basin  areas  remains  of  plants,  minute  marine 
organisms  and  their  excreta  have  accumulated  under 
water  where  disintegration  and  decomposition  have 
been  relatively  slow.  Organic  soils  in  this  area  have 
accumulated  at  the  rate  of  about  one  inch  in  40 
years. 

Relief  or  topography  has  an  important  bearing 
on  the  rate  of  drainage  and  on  erosion,  as  well  as  on 
climate.  Water  drains  slowly  or  not  at  all  from  the 
basins  and  depressions.  In  such  areas  a large  amount 
of  available  water  encourages  the  growth  of  plants 
that  require  ample  water.  These  are  the  areas  where 
reeds,  sedges,  and  mosses  have  accumulated  to  form 
organic  soils.  Gleyed  soils  are  in  slight  depressions  and 
nearly  level  areas. 

In  areas  that  have  greater  slopes,  runoff  is  more 
rapid  than  on  the  less  sloping  areas.  Consequently, 
the  surface  and  subsoil  layers  of  soils  on  sloping  areas 
have  a predominance  of  brown  and  reddish  brown 
colors  rather  than  being  gray  like  those  of  the  less 
well-drained  soils.  Likewise,  there  is  less  mottling  in 
the  subsoil.  On  steeper  slopes  the  soil  profile  may  be 
modified  by  soil  creep.  Also,  shallow  spots  and  rock 
outcrops  occur  on  the  very  steep  slopes  where 
geologic  erosion  has  kept  ahead  of  soil  formation. 

Effects  of  Climate 

Climate  is  an  important  factor  in  the  formation 
of  soils.  Soils  formed  under  a dry  climate  have 
different  characteristics  than  those  formed  under  a 
humid  climate.  Generally,  soils  formed  where  there  is 
little  rainfall  are  less  leached  than  those  formed  in  the 
subhumid  climate  typical  of  much  of  the  Puget 
Sound  Area. 

Climate  also  influences  the  kind  of  vegetation, 
and  vegetation  in  tum  influences  the  formation  of 
soils.  Grasses  are  generally  predominant  in  areas 
where  the  average  annual  precipitation  is  less  than  22 
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mdios.  horesls  predominate  m areas  where  there  is  material  is  much  alike  ilunughout  the  profile,  except 
more  precipitation,  but  the  effects  of  precipitation  tor  differences  in  colm.  Liter,  discrete  amounts  of 

are  also  mllueneed  h\  the  ability  ol  the  soil  to  retain  clay  accumulate  and  eventually  a claypan  may  form, 

moisture. 

Wind  currents,  elevation,  relief,  and  exposure  SOIL  CLASSIFICATION 

exert  a marked  influence  on  climate,  often  within  AND  INTERPRETATIONS 

short  distances.  Climate  directly  influences  soil  form- 
ation through  its  clfect  on  the  weathering  of  rocks.  The  soils  may  be  classified  into  three  gross 

the  removal  and  deposition  ol  material  by  water,  regions:  the  rough  mountainous  uplands,  the  glaci- 

wn’d.  antl  glaciers,  and  the  moisture  in  the  soil.  atcd  foothills  and  plains,  and  the  alluvial  bottom 

Indirectly,  it  influences  the  soil  to  an  even  greater  lands 

degree  through  its  effect  on  vegetation.  The  rough  molmt;Mnous  uplands  consist  of 

rolling  to  steep  well-drained  and  rocky  soils  ot 
Living  Organisms  variable  texture  and  depth  to  underlying  bedrock. 

All  lite  on  and  in  the  soil  has  an  important  Water  runoff  is  medium  to  rapid,  and  erosion  hazard 
bearing  on  the  formation  ol  soil.  The  raw  soil  is  moderate  to  severe.  Actual  erosion  depends  on  the 

materials  were  first  invaded  by  simple  forms  of  life,  stability  of  the  soils  and  density  of  vegetative  cover, 

such  as  bacteria  and  fungi,  which  grew  and  multi-  The  glacial  terraces  generally  he  below  2.600 

plied.  When  these  organisms  died,  their  bodies  feet  and  are  of  two  kinds:  basal  till  of  compact  or 

decayed  and  became  incorporated  with  the  soil  cemented  till  and  ablation  till  having  a loose  nature, 

material.  Mosses  and  lichens  next  began  to  appear.  Soils  on  the  basal  till  are  gently  sloping  to  steep  with 

followed  by  grasses,  shrubs,  and  trees,  all  of  which  variable  texture  and  drainage  generally  less  than  40 

added  organic  matter  to  the  soil.  Soils  became  mixed  inches  deep  over  dense  till.  Surface  runoff  and 

when  windthrows  occurred  in  the  forest.  Likewise,  erosion  are  generally  higher  than  from  ablation  till, 

rodents  that  dug  and  made  burrows  in  the  soil  mixed  Soils  on  ablation  till  are  likewise  gently  sloping  to 

the  subsoil  with  the  surface  soil.  The  presence  of  steep,  generally  well  to  excessively  drained,  and 

organisms  and  rodents  in  a soil  exert  an  important  usually  of  coarse  texture  with  slight  to  medium 

influence  on  aeration  and  on  the  availability  of  plant  erosion  hazard. 

nutrients.  The  kind  of  organisms  most  active  in  a soil  Alluvial  bottom  lands  have  soils  deposited  by 

determine  to  some  extent  the  degree  of  losses,  gains,  flowing  water.  Generally  the  soils  are  deep  and 

or  translocations  of  nutrients  and  organic  matter.  coarse-textured  in  upper  stream  reaches  where  they 

Soils  formed  under  grasses  and  terns  with  are  deposited  out  of  swiftly  flowing  water  and  of 

fibrous,  deep-reaching  roots  have  a very  dark  brown  finer  textures  in  the  middle  and  lower  reaches  where 

to  black  surface  layer.  In  contrast,  the  surface  layer  the  water  velocities  are  less.  The  finer  material  is  a 

of  soils  formed  under  coniferous  and  deciduous  serious  sediment  source  through  stream  and  bank 

vegetation  is  brown  to  grayish-brown.  The  depth  to  erosion. 

which  roots  can  penetrate  is  often  determined  by  the  Many  observable  and  measurable  soil  features 

characteristics  of  the  subsoil.  The  remains  of  sedges,  have  been  recorded  in  the  field  and  laboratory,  and 

sphagnum  moss.  Labrador-tea.  and  the  plants  that  soil  mapping  units  established,  for  the  purpose  of 

tolerate  wetness  have  added  to  the  accumulation  of  classifying  soils  and  identifying  their  locations, 
peat  in  bog  areas. 

Distribution  of  Soils 

Tim*  The  soil  mapping  unit,  usually  a soil  series. 

Many,-  important  characteristics  of  soils  are  type,  and  phase,  is  the  most  specific  classification 
determined  by  the  length  of  time  the  soil-forming  unit  and  is  the  basis  for  all  the  subsequent  interpreta- 

processes  have  been  active.  Young  soils  show  little  five  groupings  of  soils  used  in  this  Appendix.  Mapping 

horizon  differentiation.  Most  soil  materials  have  units  are  based  on  observable  and  measurable  soil 

weathered  over  a long  period  and  have  developed  features  and  are  used  for  classifying  soils  and  record- 

distinct  horizons  as  the  result  of  clay  minerals  moving  ing  their  locations.  Over  S00  such  soil  units  have  been 

downward  in  the  profile  and  accumulating  in  the  identified  in  the  Puget  Sound  Area.  The  soil  mapping 

subsoil.  In  the  earlier  stages  of  development,  the  soil  unit  furnishes  information  used  for  developing  capa- 
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bility  units,  site  groupings,  and  other  groupings.  Table 
3 of  Exhibit  1 provides  more  complete  information. 
The  location  and  extent  of  mapping  units  are  best 
obtained  from  soil  survey  reports  and  maps  which  are 
usually  available  for  reference  in  public  libraries, 
offices  of  local  soil  and  water  conservation  districts, 
and  offices  of  the  United  States  Department  of 
Agriculture. 

Soil  Interpretations 

Each  soil  mapping  unit  is  characterized  by 
properties  that  may  be  evaluated  to  predict  the 
suitability  of  land  for  different  uses.  These  uses  may 
include  crops,  forestry,  water  management,  engineer- 
ing, urban  development,  industrial  development,  wild- 
life food  and  cover,  recreation,  and  other  purposes, 
singly  or  in  combination. 

Attributes  of  soils  for  various  purposes  are 
noted  briefly  here.  Because  of  the  wide  variety  of 
purposes,  these  properties  are  discussed  in  greater 
detail  in  the  interpretive  Tables  found  in  Exhibit  1 . 

Good  soils  for  cropping  purposes  are  character- 
ized by  fairly  level  topography,  loamy  textures,  good 
tilth,  and  deep  profiles  with  high  water-holding 
capacities.  These  soils  are  generally  in  Capability 
Classes  I,  II,  III,  and  IV.  The  areas  of  soil  series  by 
land  capability  class  and  subclass  are  summarized  by 
river  basins  and  watersheds  in  Exhibit  1 , Table  9. 

Soils  are  best  suited  for  most  urban  purposes 
when  they  provide  good  drainage,  are  free  from 
floodwater  hazard,  provide  firm  foundations  for 
typical  urban  structures,  and  have  low  shrink-swell 
properties.  Urban  purposes  include  a great  variety  of 
needs.  Free  draining  soils  with  low  corrosivity  are 
generally  desirable.  While  poorly  adapted  soils  can 
usually  be  made  acceptable  by  engineering  design,  the 
cost  of  providing  and  maintaining  the  construction  or 
special  features  needed  under  unfavorable  conditions 
creates  a tremendous  economic  burden  in  flood 
protection,  drainage,  transportation,  and  other  public 
and  private  services.  Capability  Class  IV  and  VI  lands, 
consisting  of  soils  lacking  primary  wetness  limita- 
tions, generally  have  properties  suitable  for  urban  use. 
Classes  1,  II,  and  III  alluvial  soils  typically  have 
properties  not  highly  suitable  for  urban  use  in  this 
area. 

Soils  used  for  various  engineering  purposes 
become  materials  of  construction  and  must  accept 
treatment  and  compaction  to  provide  specific  proper- 
ties, such  as  stability , imperviousness,  high  shear,  and 
bearing  strength. 

Soils  best  serving  streamflow  protection  should 


be  stable,  have  good  drainage  characteristics,  support 
dense  vegetation,  and  be  resistant  to  compaction  or 
erosion  under  conditions  of  use  and  treatment.  The 
nature  of  the  soil,  its  disposition,  and  vegetative 
cover,  should  promote  infiltration  and  deep  percola- 
tion of  precipitation  and  retard  and  reduce  surface 
runoff.  Each  soil  series  is  classified  by  hydrologic 
groups  within  the  basins  and  watersheds  (Exhibit  1 , 
Tables  4 and  5).  Soils  in  Hydrologic  Groups  A and  B 
are  most  conducive  to  infiltration  of  water,  while 
Groups  C and  D encourage  runoff. 

The  acreages  of  soil  series  found  in  the  Puget 
Sound  Area  are  listed  in  Tables  4 and  5,  and  the 
properties  of  soil  series  are  shown  in  Table  6 in 
Exhibit  1 . These  and  other  tables  may  be  used  to 
provide  the  reader  with  a basis  for  making  interpreta- 
tions and  determining  the  suitability  of  soils  for 
agricultural,  urban  and  engineering  uses. 

Capability  Classes  of  Soils 

Capability  classification  is  a grouping  of  soils 
that  shows,  in  a general  way,  the  suitability  of  soils 
for  most  kinds  of  agriculture.  It  is  a practical 
grouping  based  on  limitations  of  the  soils,  the  risk  of 
erosion  and  sedimentation,  and  the  way  the  soils 
respond  to  treatment. 

Soils  are  classified  into  capability  classes  and 
subclasses  in  accordance  with  the  degree  and  kind  of 
their  permanent  limitations  but  without  considera- 
tion of  major,  and  generally  expensive,  landforming 
that  would  change  the  slope,  depth,  or  other  char- 
acteristics of  the  soil,  and  without  consideration  of 
possible  but  unlikely  major  reclamation  projects. 

In  this  system  soils  are  grouped  at  two  levels— 
the  capability  class,  and  the  capability  subclass.  The 
eight  capability  classes  in  the  broadest  grouping  are 
designated  by  Roman  Numerals  I through  VIII,  as 
shown  in  Figure  2-4,  which  broadly  portrays  their 
relative  topographic  association.  Definitions  of  land 
capability  classes  follow: 

Clan  I — Soils  in  Class  I have  few  or  no 
limitations  or  hazards.  They  may  be  used  safely  for 
cultivated  crops,  pasture,  range,  woodland,  or  wild- 
life. (Only  small  bodies  of  soils  in  the  Puget  Sound 
Area  may  be  classed  as  I because  of  susceptibility  to 
at  least  occasional  damaging  overflow,  or  other 
associated  hazards). 

Clan  II — Soils  in  Class  II  have  few  limitations  or 
hazards.  Simple  conservation  practices  are  needed 
when  cultivated.  They  are  suited  to  cultivated  crops, 
pasture,  range,  woodland,  or  wildlife. 
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LAND  CAPABILITY  CLASSES 


NO  CULTIVATION  PASTURE.  MAY.  WOODLAND  AND  WILDLIFE 


NO  RESTRICTIONS  IN  USE 

MODERATE  RESTRICTIONS  IN  USE 

SEVERE  RESTRICTIONS  IN  USE 

BEST  SUITED  FOR  WILDLIFE  AND  RECHEATlON 


HI  <J',iMES  GOOD  SO  1 1 MANAGEMENT  PRAC  I ICES  ONL  V 
l .wsl  Mv  AIMS  PRACTICES  NECESSARY 
INTENSIVE  CONSE  RVATION  PRACTICES  NECESSARY 
PfHfNNlAi  VEGETATION  INF  RE  QUENT  CULTIVATION 


FIGURE  2-4.  The  use  and  care  of  land  should  be  suited  to  its  capability. 


Class  III  Soils  in  Class  III  have  more  limita- 
tions and  hazards  than  those  in  Class  II.  They  require 
more  difficult  or  complex  conservation  practices 
when  cultivated.  They  are  suited  to  cultivated  crops, 
pasture,  range,  woodland,  or  wildlife. 

Clan  IV  -Soils  in  Class  IV  have  greater  limita- 
tions and  hazards  than  Class  Ml.  Still  more  difficult  or 
complex  measures  are  needed  when  cultivated.  They 
are  suited  to  cultivated  crops,  pasture,  range,  wood- 
land, or  wildlife. 

Clan  V- Soils  in  Class  V have  little  or  no 
erosion  hazard  but  have  other  limitations  that  prevent 
normal  tillage  for  cultivated  crops.  They  are  suited  to 
pasture,  range,  wixidland,  or  wildlife. 

Clan  VI  Soils  in  Class  VI  have  severe  limita- 
tions or  hazards  that  make  them  generally  unsuited 
for  cultivation.  They  are  suited  largely  to  pasture, 
range,  woodland,  or  wildlife. 


Clan  VII- Soils  in  Class  VII  have  very  severe 
limitations  or  hazards  that  make  them  generally 
unsuited  for  cultivation.  They  are  suited  to  grazing, 
woodland,  or  wildlife. 

Clan  VIII  Soils  and  landforms  in  Class  VIII 
have  limitations  and  hazards  that  prevent  their  use  for 
cultivated  crops,  pasture,  range,  or  woodland.  They 
may  be  used  for  recreation,  wildlife,  or  water  supply. 

With  the  exception  of  lands  lying  within 
national  forests  and  national  parks,  the  soils  of  the 
Puget  Sound  Area  have  been  classified  into  land 
capability  classes  to  designate  the  intensity  of  land 
use  management  problems.  Generally,  Capability 
Classes  II,  IH,  and  IV,  comprising  2,087,000  acres, 
are  suited  for  agricultural  uses;  and  Capability  Classes 
V,  VI  and  VII,  comprising  2,553,000  acres,  are  better 
suited  for  forestry,  wildlife  food  and  cover,  recrea- 
tion, and  watershed  protection.  Land  in  Capability 
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Class  VIII . about  51,000  acres,  is  best  suited  for 
watershed  protection  and  wildlife  food  and  cover. 
The  unclassified  3,713,000  acres  are  suited  for 
forests,  recreation,  wildlife  food  and  cover,  and 
watershed  protection.  (See  Table  2-2  for  acres  of  soils 
by  capability  classes  in  each  basin). 

Soil  interpretations  are  based  in  part  on  judg- 
ment factors;  thus,  classifications  vary  somewhat 
from  place  to  place  and  occasionally  are  changed. 
Certain  steep  soils,  comprising  about  100,000  acres  in 
the  Area,  are  well  suited  for  production  of  timber. 
Classes  VJIew  30,  31,  32;  Vlles  29,  30,  31, 35;  and 

VI  Is  23  have  recently  been  reclassified  (1968)  to 
View  30,  31, 32;  Vies  29, 30, 31 , 33,  35;  and  Vis  23 
in  recognition  of  lessened  hazards  under  timber 
management.  This  Appendix  has  retained  the  Class 

VII  classification,  made  prior  to  1968,  since  tabula- 
tions were  on  this  basis. 

Capability  Subclasses 

As  shown,  the  Roman  Numeral  indicates  the 
intensity  of  problems.  The  subclasses  indicate  the 
kinds  of  limitations  within  the  classes.  The  subclasses 
are  shown  by  letters  e,  w,  s,  and  c following  the 
numerals  to  indicate  limiting  conditions  of  erosions, 
wetness,  soil,  and  climate,  respectively.  Climatic 
limitations  are  minor  and  occur  primarily  in  moun- 


tain valleys  and  meadows  outside  the  areas  covered 
by  soil  survey  mapping. 

Secondary  subclasses  are  used  for  evaluations  of 
agricultural  and  nonagricultural  uses.  The  dominant 
limitation  is  indicated  by  the  first  letter  and  the 
secondary  condition  is  indicated  by  the  second  letter. 
Where  soils  have  two  kinds  of  limitations,  both  are 
needed  for  local  use. 

There  are  3,367,704  acres  outside  the  national 
forests  and  national  parks  considered  to  have  a 
moderate  to  very  severe  potential  erosion  and  sedi- 
ment-producing hazard.  Lands  in  the  national  forests 
unclassified  by  soil  surveys  but  believed  to  be  in 
Capability  Classes  VI  and  VII  have  a severe  to  very 
severe  erosion  hazard  when  vegetative  cover  is  dis- 
turbed. Land  in  Class  VIII  is  generally  not  highly 
susceptible  to  erosion  because  of  its  rocky  nature. 

Wetness  resulting  from  overbank  flow  of 
streams,  ponding  due  to  restricted  drainageways,  and 
accumulations  of  unwanted  water  in  terrace  or 
upland  soils,  cause  limitations  in  land  use  on 
2,037,000  acres  (subclasses  ew,  we,  ws,  and  sw  on 
Table  2-3),  covered  by  the  soil  survey. 

Water  management  and  erosion  problems  have 
been  broadly  grouped  and  classified  to  locate  them 
on  Figure  2-5,  Generalized  Land  Conditions  map. 
Only  naturally  dense  growth  of  vegetation  prevents 


TABLE  2-2.  Acres  of  soils  by  capability  classes  in  Puget  Sound  Area1 


River  Basin 

Capability  Classes 

Not 

Classified2 

Total3 

II 

III 

IV 

V 

VI 

VII 

VIII 

Nooksack-Sumas 

42,831 

116,852 

98,546 

240 

28,972 

225,952 

3.093 

275,752 

792,238 

Skagit-Samish 

83,012 

45,659 

73,136 

39 

68,121 

244,700 

8,515 

1,389,373 

1,912,554 

Stillaguamish 

20.327 

22,819 

30,412 

0 

51,230 

130,878 

2,659 

175,302 

433,627 

Whidbey-Camano 

5,447 

6,229 

62,028 

0 

51,439 

3,416 

4,376 

0 

132,935 

Snohomish 

51,627 

46,516 

163,679 

911 

126,313 

276,653 

5,071 

533,820 

1,194,590 

Cedar 

13,815 

14,096 

146,386 

664 

53,589 

40,414 

1,237 

93,734 

363,935 

Green 

25,206 

8,676 

93,186 

230 

21,585 

58,600 

1,214 

131,534 

340,233 

Puyallup 

26,923 

39,834 

128,391 

219 

89,004 

162,976 

6,862 

304,841 

759,050 

Nisqualty 

6,411 

51,364 

83,790 

0 

66.580 

154,174 

1,236 

91,241 

454,786 

Deschutes 

7,363 

18,160 

54,525 

0 

44,419 

42,096 

1,015 

13,230 

180,808 

Watt  Sound 

20.150 

105,226 

282,517 

138 

364,228 

131,276 

11,980 

365,872 

1,281,387 

Elwha-Dungeness 

8,424 

30.861 

20,940 

0 

12,684 

32,474 

2,944 

338,296 

446,613 

San  Juan 

1,284 

25,667 

14,891 

0 

46,225 

22,156 

1,350 

0 

111,573 

Total 

312,822 

531,939 

1,242,426 

2,441 

1,024,389 

1,525,765 

51,552 

3,712,995 

8,404,329 

1 Unadjusted  measurements,  1966,  (or  Puget  Sound  Area  Study,  baaed  on  National  Cooperative  Soil  Survey  maps.  Accuracy 
to  three  significant  figures. 


2 Includes  national  forest,  national  park,  and  major  urban  areas. 
2 Does  not  include  fresh  water  of  152,444  acres. 
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Generalized  Land  Condition 


TABLE  2-3.  Land  conditions  by  capability  subclasses,  Puget  Sound  Area  (in  acres)1 


River  Basin 

Subclasses7 

Not 

Classified3 

Total 

ew 

es 

we 

ws 

s 

se 

sw 

Nooksack-Sumas 

73,604 

253.792 

11.762 

136,040 

36.943 

5,336 

9 

275,752 

792,238 

Skagit-Samish 

59.439 

267.771 

0 

150,006 

38,870 

4,375 

2,720 

1.389,373 

1.912,564 

Stillaguamish 

43,244 

135.540 

0 

35.414 

39,411 

4,516 

200 

175,302 

433,627 

Wh  idbey  -Camano 

64,120 

15.782 

0 

20.350 

21,385 

10,312 

986 

0 

132.935 

Snohomish 

164,822 

301,683 

0 

91,911 

57,209 

43.229 

1,916 

533,820 

1,194,590 

Cedar 

143,141 

53,247 

0 

26.626 

25,390 

21,242 

555 

93.734 

363,935 

Green 

71,873 

67.430 

1,961 

34,717 

23.871 

8,847 

0 

131.534 

340,233 

Puyallup 

80.223 

183.743 

17.415 

68,077 

75,933 

28,818 

0 

304,841 

759,050 

Nisqually 

40.413 

162.669 

35,143 

33,483 

64.636 

26,364 

847 

91,241 

454,786 

Deschutes 

18,507 

60,314 

0 

21,736 

46,797 

16,707 

3,517 

13.230 

180,808 

West  Sound 

362.867 

257,324 

2,447 

66,441 

98,704 

91,304 

36,428 

365.872 

1,281,387 

E Iwha-Du  ngeness 

44,820 

31,819 

0 

20,818 

10,860 

0 

0 

338,296 

446.613 

San  Juan 

16,669 

55,416 

4,595 

14,728 

4,749 

3,069 

12,347 

0 

111.573 

Total 

1.183,742 

1.846.530 

73,323 

720.347 

543.758 

264,109 

59,525 

3,712,995 

8,404,329 

1 Undadusted  measurements.  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps.  Accuracy 
to  three  significant  figures. 


2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treat mnet.  e-erosion;  w— water;  s— soil. 

3 Unclassified  land,  including  national  forest  and  national  park  land. 


erosion  and  sedimentation  from  becoming  a very 
major  problem.  Under  conditions  of  good  cover, 
actual  sediment  yield  is  low. 

Capability  Units 

Land  capability  units  consist  of  a group  of  soil 
units  which  have  similar  properties  that  cause  them  to 
give  similar  responses  to  treatment  and  management. 
Likewise,  their  productivity  has  a relatively  narrow 
range.  Areas  of  land  capability  units  for  the  Puget 
Sound  Area  are  tabulated  by  basins  in  Exhibit  1, 
Table  10. 

Soil  Associations 

Within  the  Study  Area,  38  different  soil  associa- 
tions have  been  recognized  and  described.  The  soil 
associations  generally  are  separated  into  four  physio- 
graphic areas  to  indicate:  (1)  those  soils  which 


dominantly  have  restrictive  layers;  (2)  those  soils 
lying  on  flood  plains  of  main  stem,  primary  tributary, 
or  secondary  tributary  streams  and  those  wet  areas 
lacking  well-defined  drainageways;  (3)  those  soil  areas 
that  dominantly  are  excessively  drained;  and  (4) 
those  soils  which  are  shadow,  stony , rocky , steep,  and 
mountainous.  Within  each  of  the  four  broad  group- 
ings, there  are  ten,  eight,  seven,  and  twelve  associa- 
tions, respectively,  recognized  and  described.  Each 
soil  association  is  described  relative  to  its  topography, 
drainage,  topographic  position,  nature  of  soil 
materials  with  their  permeability,  drainage,  elevation, 
climate  zone,  and  precipitation.  Also,  the  percentage 
distribution  of  each  soil  series  is  indicated  within  the 
association.  Descriptions  of  the  soil  associations  may 
be  found  in  Exhibit  1,  followed  by  Figure  3, 
Generalized  Soils  map. 


LAND  STABILITY 


The  stability  of  the  land  depends  on  many 
factors,  such  as  underlying  geologic  material  and 
history,  climate,  topography,  soil  development,  vege- 


tative cover,  and  conditions  of  use.  Loss  of  stability  is 
usually  noted  by  mass  slippage,  or  detachment  and 
accelerated  erosion.  The  initial  loss  of  stability  is 
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PHOTO  2-1.  Typical  landscape  at  upper  foothills  area.  (USFS) 
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compounded  by  transportation  of  sediment  by 
gravity  and  water.  This  ultimately  affects  sediment 
loads  and  channel  capacity  of  streams,  siltation  rates 
in  reservoirs,  harbors,  and  inundated  areas,  and  water 
quality  downstream.  Wind  is  not  a significant  factor 
in  soil  movement  in  the  Area.  Runoff  from  water- 
sheds is  critical  in  causing  erosion  and  sediment 
damage.  The  stability  of  land  in  the  Puget  Sound 
Area  has  an  important  bearing  on  present  and  future 
economy  and  various  environment  factors. 

There  are  in  excess  of  7 million  acres  classed  as 
having  a moderate  to  severe  erosion  potential.  Actual 
erosion  taking  place  at  the  present  time  is  nominal 
because  of  the  generally  excellent  vegetative  cover. 
The  critical  erosion  area  consists  of  the  land  disturbed 
by  economic  activity  and  the  land  damaged  by 
natural  disasters  and  other  disturbances.  The  critical 
erosion  area  is  estimated  to  include  farm  land 
annually  left  in  an  opren  condition  during  the  winter 
season  (estimated  at  20,000  to  30,000  average  acres); 
forest  harvest  (average  97,000  acres);  forest  roads 
(4,000  acres);  and  urban  construction  (7,000  acres); 
for  a total  of  138,000  acres  each  year  disturbed  by 
various  forms  of  economic  activity.  The  total  critical 
erosion  area  at  any  point  in  time  thus  consists  of  the 
138,000  acres  annually  disturbed  by  man  in  addition 
to  lands  damaged  annually  by  wildfire,  floods,  land- 
slides, channel  erosion,  and  other  similar  activity;  and 
lands  recovering  from  all  damaging  activity  of 
previous  years. 

MASS  SOIL  MANTLE 
MOVEMENTS 

Normal  geologic  erosion  and  natural  earth 
movements  have  caused  mass  soil  movements  along 
parts  of  the  Puget  Sound  coastline  by  wave  action, 
and  on  the  steeper  mountainous  slopes  where  the 
structurally  weak  mantle  bedrock  possesses  deep- 
seated  zones  of  weakness,  or  where  shear  zones  or 
excessive  moisture  conditions  have  caused  slippage 
within  the  soil  mantle.  The  action  of  glaciers  in  higher 
areas  causes  considerable  movement  of  soil  and 
production  of  sediment. 

The  frequency  and  extent  of  mass  soil  move- 
ments can  be  related  to  certain  site  characteristics 
such  as  slope,  geology , and  soils.  Mass  soil  movements 
appear  to  occur  more  readily  in  areas  of  steeper 
slopes,  deep  soils,  and  easily  weathered  bedrock. 

Unconsolidated  sediments  of  low  internal 
strength,  usually  stratified,  are  especially  vulnerable 


PHOTO  2-2.  Steeply  tilted  formations  contribute  to 
unstable  conditions.  (USFS) 


when  at  or  near  saturation.  An  excessive  amount  of 
water  involves  an  increase  in  water  pore  pressure  and 
a decrease  in  the  shearing  strength  of  the  soil  Also,  a 
soil  may  owe  its  cohesion  to  a soluble  binder.  If  a 
slope  is  saturated  for  the  first  time,  and  its  binder 
removed  by  solution,  the  soil  loses  its  cohesion.  There 
are  more  than  494,000  acres  of  land  in  the  Area  that 
are  subject  to  mass  soil  mantle  movement  when  the 
soils  become  saturated.  The  soils  may  also  be  unstable 
when  used  for  foundations  or  when  used  for  highway 
construction  and  buildings. 

Soils  derived  from  incompetent  rocks,  such  as 
shales,  phyllite  schists,  slates,  serpentines,  and  tuffs, 
are  usually  silt  or  clay  in  texture  and  are  expecially 
subject  to  mass  soil  movements. 

Unstable  landscape  characteristics  are  evident 
on  the  west  slope  of  the  Cascade  Mountains  where 
many  old  and  recent  age  landslides  have  occurred. 


PHOTO  2-3.  Headwall  of  debris  slide  on  streambenk 
channel  of  Camp  Creek,  Mt.  Baker  N.  F.  (USFS) 
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PHOTO  2-4.  Slide  of  unstable  soil  mass  below  a home 
in  King  County.  (SCS) 


Landslides  have  occurred  under  various  condi- 
tions, and  with  various  materials.  A large  proportion 
of  the  slides  occur  as  a result  of  loss  of  shearing 
strength  in  the  mantle  due  to  excessive  amounts  of 
ground  water.  Geologic  conditions  under  which  land- 
slides often  occur  in  the  Area  are  as  follows: 

1.  Unconsolidated  glacial  moraine  overlying 
highly  weathered  colluvial  material  which  is  derived 
from  Permian  age  slate  and  graywacke  bedrock.  These 
colluvial  soils  become  highly  plastic  clays  when 
saturated  and  exhibit  low  shearing  strength. 

2.  Glacial  moraine  overlying  a clay  soil  derived 
from  weathered  schist  rock  of  Jurassic  age.  The  clay 
soil  is  highly  plastic  when  wet  and  extremely  suscep- 
tible to  failure  and  subsequent  mass  movement. 

3.  The  Chuckanut  formation  of  Tertiary  age 
where  steeply  dipping  sandstone  and  conglomerates 
have  slid  on  interbedded  shale.  The  shale  becomes 
very  plastic  when  wet  and  subsequently  loses  its 
shearing  strength. 

4.  Sediments  of  the  Chuckanut  formation 
deposited  on  a pre-Tertiary  serpentine  basement.  Clay 
has  developed  on  the  serpentine  which  creates  a weak 
zone  when  saturated. 


Changing  the  equilibrium  of  existing  slopes  by 
road  construction  within  this  area  has  caused  mass 
soil  movements  in  cases  involving  a variety  of  geologic 
formations  and  conditions.  This  is  especially  true  in 
the  steep  mountainous  area  and  adjacent  foothills. 

The  normal  geologic  process  of  wearing  away 
the  landscape  is  occurring  along  the  Puget  Sound 
coastline.  Wave  action  is  undercutting  the  toe  of  the 
steeper  coastline  slopes,  causing  occasional  landslides 
to  occur.  These  slides  occur  within  all  types  of  glacial 
drift  materials. 

Numerous  landslides  have  occurred  within  the 
Puget  Sound  lowlands.  This  area  is  thickly  mantled 
with  sediments  of  glacial  and  lacustrine  origin.  The 
fine-grained  sediments  have  been  extremely  suscep- 
tible to  mass  soil  movements  when  they  become  wet. 
Oftentimes,  as  in  the  case  of  road  construction, 
landslides  have  occurred  due  to  steepening  of  hill- 
sides. The  change  in  slope  has  been  sufficient  to 
trigger  a slide  when  the  underlying  soil  becomes  wet. 
These  slides  have  blocked  travel  on  main  highways  for 
considerable  periods  of  time  before  sediment  was 
removed. 

Slides  and  mantle  slippage  cause  direct  property 
damage  and  other  damage  when  they  occur  in 
developed  parts  of  the  Area.  These  damages  are  not 
uncommon  on  waterfront  and  view  areas  in  or  near 
Seattle,  Tacoma,  and  Olympia.  During  periods  of 
excess  precipitation  in  winter  and  late  spring,  houses 
sliding  from  their  foundations  is  not  an  uncommon 
occurrence  in  these  areas.  The  greater  damage  is 
usually  indirect  since  slides  happen  most  often  in  the 


PHOTO  2-5.  Platy  structure  and  low  shear  strength 
are  typical  properties  of  silty  substratum  of  lake-laid 
soils.  (SCS) 
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mountainous  areas  and  frequently  block  watercourses 
or  occur  where  subsequent  erosion  and  runoff  can 
transport  the  loosened  material  through  extensive 
downstream  areas. 


THE  WATER  CYCLE 


The  water  cycle  is  the  endless  process  of 
circulation  of  water.  Consideration  of  this  circulation 
serves  to  focus  attention  on  the  nature  of  the  water 
resource  and  the  phases  of  management  that  are 
responsive  to  influence  and  modification. 

Water  from  the  ocean  is  evaporated  into  the 
atmosphere,  eventually  condenses,  and  falls  to  the 
earth’s  surface.  Part  of  the  precipitation  soaks  into 
the  ground.  Growing  vegetation  and  evaporation 
account  for  some  of  the  water  passing  through  the 
soil;  some  reaches  deeper  zones  and  maintains  the 
base  flow  of  streams  or  replenishes  ground  water.  The 


remaining  precipitation  runs  off  the  surface  of  the 
land  to  the  streams. 

Circulation  is  the  sailient  feature  of  the  water 
cycle.  Moisture  is  precipitated  on  the  land,  primarily 
as  rain  or  snow,  and  is  then  subject  to  evaporation 
from  vegetation,  soil,  or  free  water  surfaces.  This 
collective  loss  of  water  is  referred  to  as  evapotrans- 
piration,  and  is  a consumptive  use.  Water  not  evapor- 
ated makes  its  way  through  soil  and  permeable  rock 
to  appear  as  stream  or  subterranean  flow  but  will 
eventually  be  returned  to  the  atmosphere  either  from 
fresh  water  bodies  or  the  ocean. 

The  water  cycle  is  rarely  completed  on  any  one 
watershed  or  land  segment  because  all  water  added  is 
not  evaporated  or  transpired  at  that  location  and 
water  yield  from  a watershed  is  a consequence  of  an 
incomplete  cycle. 

A zone  of  the  water  cycle  of  direct  importance 
in  forested  watersheds  is  that  occurring  between  the 


THE  HYDROLOGIC  CYCLE 
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FIGURE  2-6.  Water  it  in  continuous  circulation. 
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upper  surface  of  the  vegetative  crowns  to  the  deepest 
penetration  of  roots,  and  may  be  extended  below  the 
root  zone  by  deep  disturbances;  e.g.,  excavation  of 
roadways,  or  landings.  Free  water  surfaces  within  a 
watershed  are  subject  to  natural  water  loss  and 
disturbance  and  may  be  directly  influenced  through 
land  use. 

Processes  occurring  within  the  zone  of  influ- 
ence are  interception  and  evaporation  of  water  from 
vegetative  crowns,  transpiration,  infiltration,  and 
evaporation  from  soil  surfaces,  percolation,  filling  and 
depleting  of  soil  moisture  storage, and  surface  runoff. 

Soil  erosion,  although  not  part  of  the  water 
cycle,  is  a primary  consequence  of  it.  Erosion  may 
occur  at  an  exposed  soil  surface  or  be  deep-seated  as 
in  the  case  of  massive  slumps  and  landslides.  Erosion 
may  be  natural  or  accelerated  by  watershed  use. 

The  mobility  of  water  provides  a quality  which 
clearly  distinguishes  it  from  most  other  natural 
resources.  Vegetation,  soil,  rocks,  and  minerals, 
although  subject  to  change,  can  be  mapped  and 
managed  in  place.  However,  the  transient  character  of 
water  in  its  cycle  and  in  the  watershed,  causes  diverse 
management  problems.  A large  body  of  law  has 
accumulated  relative  to  its  management  and  use; 
government  at  all  levels  has  had  an  important  role  in 
its  control  and  management;  and  economic,  social, 
and  political  problems  are  quickly  and  closely 
involved.  Upstream  and  downstream  water  prob- 
lems-shortage,  pollution,  flood  damage  inevitably 
interact;  all  this  because  “water  will  not  stay  where  it 
is  put.” 

The  water  cycle  is  a physical  part  of  nature  and 
is  capable  of  modification  by  land-use  practices  in  a 
watershed.  Alterations  in  the  water  cycle  can  occur  in 
the  plant-soil-water  relationships  of  the  environment. 
The  influences  may  extend  in  the  form  of  modified 
water  yields  or  water  quality  far  beyond  the  site 
where  land  use  changes  of  developments  occur. 
Watershed  management  deals  with  these  relationships 
of  land  use  to  streamflow  and  to  soil  and  debris 
movement. 

EFFECTS  OF  SOILS 
AND  COVER  ON  RUNOFF 

A good  vegetative  land  cover  is  a very  effective 
means  for  maintaining  soil  water  intake  rates.  Vegeta- 
tion and  topography  vary  widely  in  the  Puget  Sound 
Area  and  these  factors  have  far-reaching  effects  on 
the  runoff  of  water  and  transport  of  sediment.  It  is 


rare  that  overland  Hows  of  water  damaging  to  the 
land  occur  iq  good  cover,  for  the  rooting  systems  of 
trees  and  grass  make  the  soil  porous  and  increase  its 
permeability,  while  the  accumulation  of  duff  protects 
the  land  from  freezing  and  otherwise  improves  the 
intake  opportunity.  Experience  indicates  this  condi- 
tion changes  markedly  when  the  land  use  is  changed 
by  developments  or  damaged  by  fire.  Forest  cover 
removal  destroys  the  vegetative  and  duff  protective 
cover  and  disturbs  or  destroys  soil  structure,  thereby 
reducing  water  intake  rates  and  increasing  surface 
runoff.  The  increased  runoff  may  be  directly  damag- 
ing, and  in  any  event  reduces  the  amount  of  water 
available  to  recharge  the  ground  water  supply,  which, 
in  turn,  reduces  the  base  flow  of  streams  in  summer 
and  early  fall. 

Many  experimenls  have  been  conducted  to 
determine  changes  in  outflow  (or  runoff)  when 
hydrologic  or  cover  conditions  vary.  The  results  of 
these  experiments,  and  many  years  of  observation, 
have  made  it  possible  to  predict  changes  in  flow 
characteristics  from  an  area  of  land  when  the  condi- 
tions of  use  arc  changed  by  development  or  natural 
accident. 

The  results  of  these  observations  have  been 
developed  for  estimating  the  volume  of  flow,  peak 
flow,  and  duration  of  flow  from  watershed  areas.' 
The  methodology  is  of  considerable  interest  to  the 
engineer  or  the  watershed  planner,  since  it  can  be 
applied  to  areas  where  streamflows  have  not  been 
gaged,  or  to  predict  changes  in  flow  caused  by  future 
changes  in  watershed  use  or  condition.  The  runoff 
factors  developed  can  be  utilized  to  estimate  volumes 
of  runoff  from  rainfall. 

Hydrologic  Soil  Groups 

In  this  method,  soils  are  first  grouped  on  the 
basis  of  intake  rates  where  the  rates  are  based  on 
normal  conditions  and  without  the  protective  effects 
of  vegetation.  The  hydrologic  soil  groups  are  usually 
defined  as  follows; 

A.  Lowest  runoff  potential;  includes  deep 
sands  with  very  little  silt  and  clay. 

B.  Mostly  sandy  soils  less  deep  and  less  aggre- 
gated than  A but  the  group  as  a whole  has  above- 
average  infiltration  after  thorough  wetting. 

C.  Comprised  of  shallow  soils,  and  soils  con- 
taining considerable  clay  and  colloid,  though  less  than 

' Engineering  Handbook,  Section  4,  Hydrology,  Soil  Conser- 
vation Service. 
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group  D.  The  group  has  hclow-averagc  infiltration 
alter  presaturation. 

I).  Highest  runoff  potential;  includes  mostly 
clays  of  high  swelling  percent  hut  the  group  also 
includes  some  shallow  soils  with  nearly  impermeable 
subhori/.ons  near  the  surface. 

In  practical  application,  the  determination  of 
hydiologic  soil  groups  is  made  on  a subwatershed 
basis.  Soils  of  each  subwatershed  are  classified  as 
being  one  of  the  four  major  groups  given  above.  The 
soil  array  is  used  to  arrive  at  the  average  classification 
of  the  soils. 

The  general  relationship  between  intake  rate 
and  hydrologic  soil  group  is  shown  by  Figure  2-7. 
This  chart  does  not  consider  vegetative  cover.  The 
dashed  lines  indicate  relative  upper  and  lower  limits 
caused  by  surface  conditions  and  soil  textures  affect- 
ing intake  rates.  Soils  of  the  Puget  Sound  Area  have 
been  classified  as  to  hydrologic  soil  groups  (see 
Fxhibit  I, Tables 3, 4, and  5). 

Combined  Effects  of  Soil,  Cover,  and  Treat- 
ment 

After  the  soils  have  been  examined  and  classi- 
fied into  hydrologic  groups,  the  condition  of  the  soil 
structure,  the  kind  of  land  use.  and  the  land 


treatment  aic  given  atteniion.  Types  of  land  use  and 
treatment  are  classified  on  a Hood  runoff  producing 
basis.  The  greater  the  ability  of  a given  land  use  or 
treatment  to  increase  total  rentention,  the  lower  it  is 
on  a flood  runolt  production  scale.  The  combination 
of  soil  cover  and  Ireaimenl  thus  evaluates  the  run. ill 
character  of  the  watershed,  and  is  represented  as  a 
curve  nuntbci  in  the  solution  of  the  runoff  equation. 
Figure  2-b. 

Cropland  The  sequence  of  crops  on  the  water- 
shed is  evaluated  on  the  basis  of  their  effects  on 
runoff.  Usually  in  agricultural  use  crops  are  alternated 
(or  rotated!.  Rotations  are  considered  poor  if  a row 
crop  or  small  grain  is  planted  in  the  same  field  year 
alter  year.  A good  rotation  will  contain  legumes  or 
grass  a laige  number  of  the  years 

Native  Pasture  or  Range  This  land  is  con- 
sidered poor  it  heavily  grazed,  if  no  mulch  has 
accumulated  on  the  ground  surface;  or  if  plant  cover 
in  effect  protects  less  than  5(1  percent  of  the  surface 
area.  Similarly,  lair  pasture  or  range  protects  50  to  75 
percent  of  the  area  and  is  not  heavily  grazed:  good 
pasture  or  range  covers  more  than  75  percent  of  the 
area  with  plant  cover  and  is  lightly  grazed.  It  must  be 
kept  in  mind  the  designations  “fair.”  “good.”  and 
“poor”  arc  hydrologic  judgment  factors  and  have 


FIGURE  2-7.  Dimensionless  diagram;  relative  infiltration  potential  by  hydrologic  soil  groups. 
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only  -m  incidental  relationship  to  production,  quality, 
oi  any  other  sort  of  classification. 

Forest  Land  Forest  lands  arc  classified  on  the 
Kisis  of  hydrologic  factors,  not  on  timber  production 
capability  Important  factors  are  the  depth  and 
quality  and  compactness  ol  litter  and  humus.  Litter 
includes  the  fermentation  layer  consisting  of  unde- 
composed l recognizable!  remains  of  grasses,  forbs. 
leaves,  needles,  bark.  etc.  It  varies  in  depth  somewhat 
with  the  season  of  the  year,  being  thinnest  in  late 
winter . Humus  includes  the  duff  or  raw  humus  as  well 
as  the  mull  in  which  the  organic  matter  is  incor- 
porated into  the  mineral  soil. 

Farm  Woodlots-Farm  woodlots  that  are 
heavily  grazed  or  regularly  burned  to  destroy  surface 
litter  are  rated  poor;  fair  woodlots  may  have  some 
litter  but  lack  protection  from  excess  grazing;  good 
woodlots  are  protected  so  that  litter  and  small  shrubs 
and  other  vegetation  cover  the  soil. 

Miscellaneous  Areas  in  miscellaneous  uses  are 
rated  primarily  by  judgment.  In  outlying  areas  this 
category  may  be  so  small  as  to  be  included  with  other 
uses.  Lakes  and  impervious  areas  are  a separate  class 
with  nearly  100  percent  runoff.  Impervious  areas 
include  pavements,  rooftops,  and  heavily  compacted 
soils.  An  urban  development  may  exceed  W)  percent 
impervious,  while  a highly  developed  city  center  will 
be  rated  nearly  100  percent  impervious.  Frequently 
streets  and  pavements  arc  designed  to  rapidly  concen- 
trate and  discharge  accumulated  water. 

After  the  unit  watershed  has  been  classified  as 
to  average  hydrologic  soil  group  and  infiltration 
condition,  the  vegetative  cover  is  evaluated.  Cover  is 
juJged  by  type  and  condition. 

Soil  cover,  condition,  and  management  of  cover 
are  combined  with  soil  character  and  given  a numer- 
ical rating  between  I and  100.  These  numerical 
ratings  have  been  derived  from  experiments  on 
studied  and  gaged  watersheds 

These  ratings  are  for  soils  in  a normal  moisture 
condition.  If  the  soil  is  very  wet.  the  curve  numbers 
may  be  raised  to  compensate  for  moisture  accumu- 
lated before  the  storm  event;  if  the  soil  is  very  dry. 
the  curve  number  is  decreased  to  compensate  for  the 
increased  storage  capacity  available  in  the  soil  mantle 
These  modifications  are  made  in  the  judgment  of  the 
engineer  and  in  anticipation  of  the  purpose  of  the 
investigation. 

Table  2-4  is  a guide  to  assist  the  judgment  of 
the  engineer  in  assigning  this  rating. 


The  nuim-iical  rating  is  used  to  estimate  the 
relationship  ot  niitofl  to  precipitation.  Figure  2>. 
Solution  of  Runoff  Lqualion.  gives  tins  relationship. 
The  effect  of  changes  in  land  use  and  condition  can 
he  estimated  bv  observing  the  changed  curve  numbers 
and  using  Figuie  2-b  to  evaluate  the  effect  in  runoll. 

Since  base  flows  of  a watershed  bear  a reverse 
relationship  to  runoff,  the  effects  of  changes  in  land 
use  and  management  on  base  flow  also  can  be 
estimated.  It  should  be  noted  that  where  peak  flows 
are  desired  drainage  geometry,  slope,  and  size  of  the 
watershed  must  he  considered  in  determining  the 
form  of  the  synthetic  hydrograph  that  represents  the 
runoff.  Figure  2-*L  F’ffects  of  Land  Use  and  Treat- 
ment Measures  on  Direct  Runoff,  is  an  example  ot 
the  changed  hydrograph  due  to  changes  in  land  use 
Methods  of  constructing  such  In drograplis.  or  ol 
routing  and  combining  unit  hydrographs  for  locations 
downstream,  are  given  in  standard  references.  Sedi- 
ment movement  and  erosion  are  related  to  velocity. 
The  high  form  ol  watershed  hydrograph  will  result  in 
velocities  that  increase  sediment  delivery  very  signifi- 
cantly. 

The  generalized  effect  of  urbanization  with 
certain  necessary  assumptions  have  been  reported  by 
James.1  using  empirical  coefficeiits  to  route  a series 
of  synthetic  flows  as  a digital  computet  program. 
These  data  have  been  transposed  to  the  graph.  Figure 
2-10.  which  reduces  the  basic  data  to  a one  square 
mile  drainage  basin.  The  relation  shown  is  probably 
applicable  in  a general  was  to  Puget  Sound  Area 
conditions. 

EROSION  AND  SEDIA.ENT 
PRODUCTION 

While  localized  places  such  as  portions  ol  the 
San  Juan  Islands,  have  wind  erosion  problems,  (lie 
dominant  agency  ot  oiosmiii  in  the  Puget  Sound  Aiea 
is  water  The  eneigy  in  tailing  lain  wives  lo  detach 
soil  particles  front  unpioteeted  land  Xccumuladon- 
of  water  saturate  jicas  of  unstable  soils  and  rendei 
them  susceptible  io  slides  and  other  mass  movement' 
Moving  water  serves  lo  further  erode  exposed  *ur- 
faces.  as  wi as  to  collect  and  transport  sediments 
downstream,  often  with  serious  consequences  These 

1 James.  I D . Water  Resources  Research,  Vot  1.  No  2 
1 19651  reported  also  m Geolo»tcel  Survey  Circular  554 
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TABLE  2-4.  Runoff  curve  numbers  for  hydrologic  soil  groups  (average  moisture  conditions) 


Land  Use  or  Cover 

T reatment  or  Practice 

Hydrologic 

Condition 

Hydrologic 
A B 

Soil  Group 
C D 

Fallow 

Straight  row 

- 

77 

86 

91 

94 

Row  crops 

Straight  row 

Poor 

72 

81 

88 

91 

Straight  row 

Good 

67 

78 

85 

89 

Contoured 

Poor 

70 

79 

84 

88 

Contoured 

Good 

65 

75 

82 

86 

Contoured  and  terraced 

Poor 

66 

74 

80 

82 

Contoured  and  terraced 

Good 

62 

71 

78 

81 

Small  grains 

Straight  row 

Poor 

65 

76 

84 

88 

Straight  row 

Good 

63 

75 

83 

87 

Contoured 

Poor 

63 

74 

82 

85 

Contoured 

Good 

61 

73 

81 

84 

Contoured  and  terraced 

Poor 

61 

72 

79 

82 

Contoured  and  terraced 

Good 

59 

70 

78 

81 

Close-seeded  legumes'  or  rotation  meadow 

Straight  row 

Poor 

66 

77 

85 

89 

Straight  row 

Good 

58 

72 

81 

85 

Contoured 

Poor 

64 

75 

83 

85 

Contoured 

Good 

55 

69 

78 

83 

Contoured  and  terraced 

Poor 

63 

73 

80 

83 

Contoured  and  terraced  (3-8%) 

Good 

51 

67 

76 

80 

Pasture  or  Range 

Poor 

68 

79 

86 

89 

Fair 

49 

69 

79 

84 

Good 

39 

61 

74 

80 

Contoured 

Poor 

47 

67 

81 

88 

Contoured 

Fair 

25 

59 

75 

83 

Contoured  (3-8%) 

Good 

6 

35 

70 

79 

Meadow  (permanent) 

Good 

30 

58 

71 

78 

Woods  (farm  wood  lots) 

Poor 

45 

66 

77 

83 

Fair 

36 

60 

73 

79 

Good 

25 

55 

70 

77 

Forests 

Poorest 

56 

75 

86 

91 

Poor 

46 

68 

78 

84 

Medium 

36 

60 

70 

76 

Good 

26 

52 

62 

69 

Best 

15 

44 

54 

61 

Farmsteads 

•• 

59 

74 

82 

86 

Roads  (dirt)2 

_ 

72 

82 

87 

89 

(hard  surface)2 

•* 

74 

84 

90 

92 

1 Close-drilled  or  broadcast. 


2 Including  rights-of-way. 
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PERCENTAGE  Of  AREA  SERVEO  IV  STORM  SEWERAGE 


FIGURE  2-9.  Effects  of  land  use  and  treatment  measures  on  direct  runoff. 


effects  are  apt  to  be  cumulative  since  eroded  land 
causes  changes  in  the  action  and  movement  of  water 
that,  in  tum,  increase  the  effect  of  water  on  the  land. 
Some  of  the  elements  of  this  chain-like  process  are 
discussed  here. 

Based  upon  soil  surveys  made  outside  the 
national  forests  and  national  parks,  an  estimated 
3368,000  acres  of  land  are  susceptible  to  moderate 
to  very  severe  erosion  hazards  when  the  vegetative 
cover  is  removed  or  destroyed.  The  national  park  and 
national  forest  lands  (about  3,490,000  acres)  have 
low  intensity  soil  surveys  and  have  not  been  fully 
evaluated  for  erosion  hazards.  However,  because  of 
their  physiographic  position,  geology,  topography, 
and  shallow  soils  overlying  bedrock,  their  erosion 
potential  is  estimated  to  be  severe  to  very  severe.  The 
severity  of  the  potential  is  assumed  to  parallel  the 
potential  sediment  source  (Figure  2-5,  Generalized 
Land  Conditions  map).  The  relatively  moderate  rate 
of  erosion  experienced  at  the  present  time  on  these 
steep  lands  is  contingent  on  maintaining  a good, 
dense  vegetative  cover  under  adequate  management. 


FIGURE  2-10.-Effact  of  urbanization  on  maan 
annual  flood  for  a 1 -square  mile  drainage  area. 
(Jamas) 
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The  land  characteristics,  however,  are  of  prime 
importance  in  planning  future  use  and  treatment  for 
any  purpose. 

The  Soil  Reservoir 

Water  that  enters  the  soil  in  depth  does  not 
(low  over  the  surface,  and  the  consequent  reduction 
of  surface  flow  generally  reduces  erosion  and  has  a 
beneficial  effect  on  stream  regimen.  A watershed  in 
which  a large  part  of  the  precipitation  enters  the  soil 
is  in  good  hydrologic  condition,  since  the  soil  thus  is 
a retarding  storage  reservoir  with  the  effect  of 
reducing  peak  flows  and  erosion  and  maintaining 
equitable  base  flows  during  dry  periods.  The  proper- 
ties of  the  land  that  influence  this  storage  effect  are 
the  intake  rate,  the  permeability,  and  the  water- 
holding capacity. 

Water  intake  rates  are  influenced  by  the  cond: 
tion  and  structure  of  the  surface  soil.  This  incl 
type  and  density  of  vegetation  and  previous  hisi  y 
of  cultivation.  The  soil  structure  is  an  arrangement  of 
soil  particles  around  an  axis  into  various  forms 
consisting  of  blocks,  cubes,  prisms,  plates,  or  lacking 
in  structure.  Free  water  moves  through  the  voids  or 
pores.  A medium-textured  soil  with  stable  granular  or 
crumb  surface  structure  may  have  equally  as  rapid 
water  intake  as  a moderately  coarse -textured  soil.  At 
the  other  extreme,  a medium-textured  soil  with  weak 
structural  aggregates  that  allow  the  toil  to  puddle 
easily  may  have  as  low  a water  intake  rate  as  a 
fine-textured  soil.  The  surface  soil  structure  and 
porosity  may  be  protected  and  improved  by  vegeta- 
tive cover  of  grasses,  shrubs,  or  trees.  Vegetative  cover 
also  provides  protection  against  the  impact  of  rainfall 
and  compaction,  thereby  protecting  the  water  intake 
rate. 

Permeability  of  the  soil  horizons  determines  the 
internal  rate  of  water  movement,  after  water  enters  a 
soil.  Permeability  of  water  through  a saturated 
column  of  soil  is  determined  by  the  soil’s  texture, 
structure,  porosity,  and  temperature.  Water  move- 
ment through  soils  with  slow  permeabilities  in  the 
subsoil  may  be  at  a lower  rate  than  the  surface  intake 
rate.  This  causes  saturation  of  the  soil  column  above 
the  restricting  layer.  Free  water  then  accumulates  on 
the  surface  and  the  runoff  rate  depends  upon  slope  of 
the  land  and  density  of  vegetative  cover. 

Water-holding  capacity  is  the  supply  of 
moisture  retained  by  a soil  after  the  removal  of 
gravitational  water.  The  water-holding  capacity  of  a 
soil  is  determined  by  its  texture,  structure,  porosity, 


and  depth.  The  coarse-textured  soils  have  the  lowest 
capacity  for  storing  water  and  fine-textured  soils  in 
the  highest  capacity.  However,  fine-textured  soils 
hold  water  securely  in  capillary  pores,  thereby 
creating  a low  recharge  capacity.  The  medium- 
textured  soils  create  optimum  soil  texture  and  struc- 
ture conditions  for  the  recharge  of  water  storage 
capacity. 

Generally,  coarse-textured  soils  (coarse  sands, 
sands,  gravelly  coarse  sandy  loam,  and  loamy  sands) 
are  capable  of  storing  0.04  to  0.12  of  an  inch  of 
water  per  inch  of  soil;  moderately  coarse-textured 
(coarse  sandy  loams,  gravelly  loams,  sandy  loams,  and 
gravelly  silt  loams)  store  0.12  to  0.14  of  an  inch  of 
water  per  inch  of  soil;  and  medium-textured  soils  (silt 
loams  and  loams),  moderately  fine-textured  soils 
(silty  clay  loams,  clay  loams,  sandy  clay  loams),  and 
fine-textured  soils  (clays,  silty  clays,  and  sandy  clays) 
are  capable  of  storing  0.14  to  0.20  of  an  inch  of 
water  per  inch  of  soil.  Organic  soils  store  0.17  to  0.20 
of  an  inch  of  water  per  inch  of  soil.  (For  additional 
information,  see  Exhibit  I , Table  6). 

Excess  water  runs  off  when  the  soil  water 
storage  capacity  is  reached,  or  when  precipitation 
exceeds  the  water  intake  or  permeability  rate  of  the 
soil.  On  soils  with  slow  permeabilities,  the  direct 
runoff  may  approach  70  percent.  The  source  of 
floodwater  runoff  is  generally  those  soils  having  slow 
permeabilities  or  having  slow  intake  rates  or  low 
recharge  rates.  Vegetative  cover  has  a large  effect  on 
intake  rates  and  permeabilities. 

Erosion  Progression 

Changes  in  watershed  characteristics  caused  by 
housing,  industrial  development,  or  vegetative  deter- 
ioration, may  cause  sharp  and  accumulative  increases 
in  the  damages  caused  by  floodwater  and  sediment. 
Small  watersheds  respond  more  rapidly  than  large 
watersheds  to  changes  in  land  use  but  the  effects  of 
sediment  production  from  small  basins  have  secon- 
dary effects  on  larger  streams  out  of  proportion  to 
the  area  of  the  tributary  watersheds. 

Rational  consideration  of  a given  watershed 
should  include  the  drainage  geometry  and  mantle 
stability  as  well  as  the  vegetative  cover.  Each  natural 
watershed  has  developed  in  an  environment  where 
running  water  and  mass  gravity  movements,  acting 
through  long  periods  of  time,  have  produced  a unique 
equilibrium.  The  stability  of  the  equilibrium  and  the 
likelihood  of  its  being  upset  are  hazards  of  any 
downstream  development.  Good  watershed  manage- 
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men!  will  undertake  to  guarantee  that  changes  in  use 
and  treatment  of  watershed  lands  are  combined  to 
prevent  excessive  disturbance  of  stability  or  hydro- 
logic  character.  The  inherent  stability  of  such  lands 
varies  greatly,  and  the  needs  of  good  management 
ni.i\  range  from  nominal  in  character  to  complex 
requirements  to  improve  the  watershed  and  guarantee 
Us  maintenance  before  downstream  developments  arc 
made. 

The  concept  of  the  systems  approach  has  been 
developed  by  Horton1  and  others.  The  watershed  is 
considered  as  an  open  system  tending  to  achieve  a 
steady  stale  of  operation  by  importing  and  exporting 
matter  and  energy  through  the  boundaries  by  the 
transformation  of  energy.  In  a watershed,  the  land 
surface  within  the  basin  perimeter  is  taken  as  the 
system  boundary  through  which  precipitation  is 
imported,  while  mineral  matter  from  within  the 
system  and  excesses  of  precipitation  are  exported 
through  the  channels. 

Erosion  and  transportation,  averaged  over  the 
years,  tend  to  achieve  an  equilibrium  of  steady  flow 
w herein  the  potential  energy  of  position  (elevation)  is 
equated  with  the  kinetic  energy  of  water,  debris 
motion,  and  heat.  Over  geologic  periods  of  time,  a 
continual  readjustment  of  components  in  the  equa- 
tion of  the  system  is  necessary  as  elevation  lowers  and 
available  energy  diminishes.2 

If  a process  brings  new  conditions  into  being, 
(he  new  steady  state  is  preceded  by  a transient 
erosion  process  where  the  system  of  channels 
develops  rapidly  in  pattern,  intensity,  and  depth  as  a 
revised  drainage  network  is  established.  In  the  Puget 
Sound  Area,  where  many  of  the  land  forms  are 
relatively  new,  the  processes  of  erosion  are  typically 
more  responsive  to  treatment  and  use  than  in  many 
parts  of  the  nation,  and  the  condition  of  the  land 
surface  is  closely  related  to  the  condition  of  the 
outflowing  streams.  In  the  so-called  steady  state, 
environment  is  adjusted  to  transmit  only  the  quantity 
of  water  and  detritus  characteristic  of  the  watershed 
and  climate.  Should  controlling  factors  be  changed, 
the  steady  state  will  be  upset  and  replaced  by 
transient  conditions  characterized  by  rapid  changes  in 
surface  geometry  and  sediment  production.1 

1 Horton,  R.E.,  Eroiional  Development  of  Streams  and 
Drainage  Basins,  Hydrophysical  Approach  to  Quantitative 
Morphology.  Bull.  Geologic  Assoc.  Amer.,  V.  56.  1946. 

2 Strahler,  A.N.,  Hypsometric  Analysis  Erosional  Topo- 
graphy, Bull.  Geologic  Assoc  America.  V.  63.  1962. 


In  many  watersheds  of  the  Puget  Sound  Area, 
large  amounts  of  erodihle  sediments  are  present  and 
continuance  ol  the  steady  stale  depends  on  continu- 
ance of  effective  vegetative  cover 

It  is  useful  to  note  that  relationships  between 
form  elements  and  causitive  laclors  can  he  expressed 
by  rational  equations.  Because  of  the  geometric 
character  of  erosion,  certain  scalar  properties  are 
useful  for  purposes  of  comparison.  One  of  these  is 
drainage  density  (l)|  which  describes  the  horizontal 
scale  or  spacing  of  equivalent  drainage  watercourses. 
The  drainage  density  may  be  related  to  a series  ol 
independent  variables.  It  may  be  noted  that  the 
response  of  runofl  to  precipitation  is  greatly  affected 
by  the  time  required  lor  the  first  stage  overland  flow 
to  reach  developed  watercourses,  and  that  any 
material  increase  in  the  density  of  such  watercouises 
in  steep  land  decreases  the  length  of  overland  How  . 
shortens  the  time  of  concentration,  increases  velocity, 
and  greatly  increases  sediment  exportation. 

D=  ((Jr,  K.  x).  where 

Qr  is  the  volume  rale  ol  How  per  unit  area. 

K is  the  mass  rale  of  erosion  per  unit  ol 

force  per  unit  of  area; 

H is  relief  in  differentials  ot  elevation  in 
feet; 

x represents  several  terms,  such  as  density 
of  fluid,  viscosity  of  fluid,  and  accelera- 
tion due  to  gravity;  and  D is  in  terms  of 
total  channel  length  per  unit  area. 

An  estimated  average  value  of  0.97  for  “D"  in 
the  above  relation  was  used  to  represent  channels 
draining  not  less  than  one  square  mile  for  the  special 
purposes  of  the  first  National  assessment  (|96X)  ol 
streambank  erosion.  This  value  would  be  consideiably 
higher  if  lesser  channels  were  considered  and.  of 
course,  would  vary  greatly  for  specific  watersheds 
within  the  Area. 

Of  these  quantities,  the  term  QiK  (sometimes 
known  as  the  Horton  number)  expresses  the  relative 
intensity  of  the  erosion  process.  Conditions  of  the 
steady  state  aic  such  that  for  a given  Horton  mimhci 
the  basin  geometry  has  adjusted  to  transmit  the  given 
quantity  of  walei  and  debris  produced  undei  the 
climatic  regimen. 

However,  if  the  steady  stale  is  upset,  as  In 
denuding  a forested  area,  or  by  replacing  vegetation 
in  a critical  area  by  urban  development,  the  Hoiion 
number  will  sharply  increase,  either  through  increase 


hi  miciisity  ol  nmol  I . susceptibility  lo  erosion,  or 
simultaneously  lo  hoili.  In  compensation,  the  basin 
gcometty  is  altered  by  gully  development  to  increase 
l lie  drainage  density,  increase  channel  and  ground 
water  gradients,  and  decrease  local  relief  by  deple- 
tion. A period  of  transformation  from  one  steady 
state  to  a new  but  degraded  steady  state  is  the  result 
ol  depleting  lorees  exceeding  a critical  point.  The 
transient  state,  while  a brief  geologic  transformation, 
may  cause  large  damages  to  property  and  develop- 
ments and  various  environmental  values  downstream. 

The  new  steady  state,  when  finally  achieved, 
will  be  only  at  a much  higher  level  of  erosion 
intensity.  The  badlands,  from  which  sediment  is 
produced  at  high  rates,  will  have  replaced  long, 
comparatively  smooth  slopes  of  land.  Stream 


gradients  through  aggradation  will  have  steepened, 
and  secondary  el  I eel s beyond  the  unit  watershed  will 
be  produced.  The  secondary  effects  may  include 
swamping  ol  downstream  lands,  increased  slrcamhank 
erosion  and  Hooding,  and  deterioration  of  reservoir 
sites  and  harbors. 

In  the  Puget  Sound  Area,  there  is  close  prox- 
imity between  the  highly  developed  lowlands  and  the 
steeper  watershed  areas  ol  the  foothills  and  moun- 
tains, so  that  the  secondary  effects  are  more  prom- 
inent and  the  rate  of  response  greater  Ilian  would  be 
the  case  if  the  areas  were  separated  by  greater 
distances  and  more  gentle  topography.  Much  of  the 
existing  management  is  presently  oriented  toward 
control  of  erosion.  Continuation  and  improvement  of 
these  practices  on  crilical'lands  is  essential. 


FIGURE  2-11.  Drainage-density  transformation,  showing  development  of  eroding  badlands  and  deterioration 
of  hydorlogic  runoff  quality.1 

1 After  Strahler,  A.  N.,  Dynamic  Basu  of  Geomorphology,  Bulletin  Geologic  Soiety  America,  V.  63,  1952. 
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Soil  Detachment  and  Movement 

The  process  of  soil  erosion  involves  soil 
detachment  and  soil  transportation.  Soil  character- 
istics that  describe  the  ease  with  which  soil  particles 
may  he  detached  and  transported  are  soil  detach- 
ability  and  soil  transportability.  The  natural  chem- 
icals which  add  to  the  ability  of  a soil  to  form 
aggregates  are  generally  derivatives  of  the  humates 
and  humic  acids  and  are  by-products  of  vegetative 
growth  and  decay.  These  chemicals  and  water  lend 
stability  to  soil  when  in  proper  balance.  However, 
stability  is  likely  to  break  down  when  either  a dry  or 
extremely  wet  condition  prevails,  or  when  the  organic 
content  of  the  soil  is  reduced.  In  general,  soil 
detachability  increases  as  the  size  of  the  soil  particles 
increases,  and  soil  transportability  increases  with  a 
decrease  in  particle  size;  i.e.,  clay  particles  are  more 
difficult  to  detach  than  sand  but  clay  is  more  easily 
transported. 

Detachment  causes  damage  because;  (I)  the  soil 
particles  are  removed  from  the  soil  mass  and  thus  are 
easily  transported;  (2)  the  fine  material  and  plant 
nutrients  are  removed;  and  (3)  the  natural  soil 
structure  is  disturbed.  Resistance  to  erosion,  then,  is  a 
surface  component  of  soil  stability.  The  subsurface 
component  is  the  resistance  of  the  substratum  to  soil 
movement. 

The  type  and  extent  of  conservation  practices 
needed  to  accomplish  soil  stability  are  related  to  the 
inherent  ability  of  the  soil  to  resist  erosive  forces. 
This  ability  is  variable  between  soil  series  and  variable 
as  to  soil  phases  within  the  series.  Therefore,  soil  and 
geologic  characteristics  must  be  carefully  considered 
in  planning  land  use  changes. 

Road  construction,  particularly  of  logging 
roads,  is  a major  contributor  to  sediment  yield  in  the 
Puget  Sound  Area.  The  ultimate  road  system  can  be 
expected  to  increase  sediment  yield  at  least  five  times 
over  what  is  being  contributed  by  the  present 
incomplete  road  system.  Harvest  cuts  (clear  cutting) 
of  timber,  excluding  the  road  system,  will  increase 
sediment  yield  but  at  a rate  which  is  much  less  than 
roads,  provided  the  cuts  are  carefully  planned  and 
executed  in  small  blocks. 

Due  to  their  cumulative  effects,  accelerated 
road  construction  and  timber  harvesting  may  increase 
the  potential  for  mass  soil  movement  and  the  rate  of 
surface  erosion  unless  the  area  is  carefully  managed 
and  rehabilitated  following  disturbance. 

Coastal  Shore  and  Baaeh  Erosion  - Beaches  are 
the  relatively  unstable  margin  of  transition  where  the 


land  mass  and  tidal  water  meet.  Accretion  and 
erosion  of  beaches  and  adjoining  shoreline  areas  arc 
the  result  of  natural  forces  acting  on  the  exposed  land 
mass  with  particular  vigor  in  this  transition  zone. 
These  forces  include  gravity,  tidal  exchange,  tidal 
currents,  and  wind  waves.  Such  forces  combine  in 
complex  patterns  to  affect  onshore,  offshore,  and 
alongshore  movement  of  beach  sediments,  combined 
with  the  disposition  of  available  supplies  of  new 
sediment  derived  from  erosion  processes  acting  on  the 
land  mass.  The  resultant  of  these  forces  may  change 
with  the  season  or  with  storm  events;  and  the 
long-term  average  consequences  determine  whether 
the  beach  margin  increases  by  accretion  or  diminishes 
through  lack  of  material  being  deposited  to  replace 
that  lost. 

Management  of  localized  beach  areas  by  the  use 
of  structural  measures  can,  in  some  cases,  stabilize  the 
accumulation  of  sediment,  encourage  accretion,  or 
induce  removal.  The  use  of  structures  in  this  way  is 
not  widespread  in  the  Area  and  requires  careful  and 
detailed  study  of  objectives,  site  characteristics,  and 
use  of  structures  that  are  inherently  expensive  to 
construct  and  maintain.  Since  such  work  modifies  the 
natural  manner  of  disposition  of  beach  sediments, 
structures  aimed  at  increasing  beach  accumulation  at 
one  point  may  result  in  removing  material  from  some 
nearby  depository.  Erosion  hazard  exists  on  over 
2,000  miles  of  Puget  Sound  coastline,  and  future 
stabilization  of  selected  areas  may  justify  greater 
construction  for  beach  management.  The  extent  and 
need  for  such  work  will  require  a future  study  to 
locate  and  evaluate  needs  for  restoration,  protection, 
or  development  of  specific  sites. 

Erosion  of  the  shoreline,  meaning  loss  of  land 
mass  to  the  sea,  is  generally  of  greater  concern  than 
the  condition  of  the  beach  as  such.  Erosive  forces  on 
the  land  mass  at  the  shoreline  in  the  Area  arc 
relatively  moderate  compared  to  corresponding 
exposures  on  the  ocean  but  result  in  land  loss  and 
damage  to  property  in  vulnerable  locations.  Critical 
areas  of  beach  and  shore  erosion  exist  on  1 87  miles  of 
the  shore  of  Puget  Sound. 

The  work  of  the  waves  in  the  erosion  process 
on  the  Puget  Sound  coast  appears  largely  mechanical, 
rather  than  dependent  mainly  on  the  solvent  power 
of  the  water  or  upon  weathering  action.  Waves  appear 
to  cause  a gradual  undermining  of  the  sea  cliff,  so 
that  material  is  finally  dislodged  by  gravity,  falls,  and 
is  ground  up  by  wave  action.  In  many  places  the  sea 
edge  is  terminated  by  a cliff-like  face  where  erosion  is 
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advancing  inland.  At  the  foot  of  the  cliff,  talus  is 
removed  and  a wave-cut  terrace  remains.  The  sea  cliff 
itself  is  often  compact  sedimentary  material  con- 
taining strata  of  clay,  compact  sands,  and  sandstone. 
Under  these  circumstances,  the  slope  of  the  cliff  is 
determined  mainly  by  the*  relative  resistance  of  the 
material  to  wave  action,  compared  to  weathering.  The 
cliff  face  is  thus  often  quite  steep  except  where  the 
material  is  composed  mainly  of  sand.  Sand  cliffs  tend 
to  assume  the  angle  of  repose. 

A considerable  portion  of  the  wave-cut  terrace 
or  shore  platform  along  the  eastern  shore  of  the 
Sound  north  of  Tacoma  is  occupied  by  railroad 
rights-of-way.  Tracks  are  somewhat  elevated  on  this 
foundation  and  protected  against  wave  action  by 
heavy  rocks  placed  along  the  embankment.  Along 


much  of  the  sea  cliff,  erosion  and  loss  of  stability  is 
increased  by  seepage  from  natural  causes  and  concen- 
trations of  seepage  induced  by  developments  along 
the  summit  of  the  cliff.  Slumping  and  erosion  cause 
loss  of  property  and  occasional  interruptions  in 
railway  service. 

The  beach  along  these  cliffs  is  relatively  narrow 
but  widens  in  the  vicinity  of  estuarine  zones  of  major 
rivers  and  along  protected  coves  and  bays.  In  the 
Skagit  and  Nooksack  Basins,  some  such  areas  have 
been  reclaimed  by  the  use  of  seawall  dikes  and  are 
used  for  farming.  These  dikes  are  subject  to  wave 
action  and  require  considerable  maintenance.  In  other 
areas,  sand  spits  and  bars  have  formed,  some  of  which 
are  useful  for  recreation  sites,  boat  moorages,  or 
Coast  Guard  installations. 


While  much  of  (he  shoreline  is  subject  to 
erosion,  the  following  summary  by  river  basins 
indicates  an  estimate  of  the  areas  affected  to  a 
considerable  extent: 

Nooksack-Sumas  Basins  Those  areas  subject  to 
beach  erosion  include  shores  now  protected  by  sea 
dikes,  as  well  as  unprotected  areas  which  include 
low -lying  lands  on  Birch  Bay,  Blaine,  Bellingham  Bay, 
and  Lummi  Island.  On  Lummi  Island  the  problem  is 
aggravated  by  seepage  from  built-up  areas  adjacent  to 
the  beach  cliffs.  About  five  miles  of  beach  and  cliff 
area  are  involved. 

Skagit-Samish  Basins  There  are  about  1 5 to  20 
miles  of  dikes,  revetments,  and  railway  roadbeds 
protected  by  revetments,  which  are  subject  to  wave 
action  damage.  Maintenance  is  high  on  many  of  these 
improvements  but  largely  neglected  on  cliff  areas 
unless  needed  to  protect  specific  improvements. 

Stillaguamish  Basin -The  shore  area  north  of 
the  Stillaguamish  River  is  protected  by  dikes  which 
are  subject  to  damage  by  wave  action.  The  reach 
involved  is  about  five  miles. 

Snohomish  Basin- Wave  action  damage  of 
moderate  intensity  occurs  on  the  Tulalip  Reservation 
to  Everett  and  Mukilteo.  This  includes  railroad  beds 
which  are  protected  by  revetments  and  slide  areas 
above  the  railroad.  The  distance  is  approximately  12 
miles. 

Cedar  Basin  (Mukilteo  to  Seattle) -About  25 
miles  of  beach  and  shore  area  are  subject  to  erosion 
and  bank  sloughing.  In  this  area,  the  railroad  parallels 
the  beach,  and  the  embankment  is  protected  by 
revetments.  The  railroad  protects  much  of  the  cliff 
area  from  wave  action  but  slides  occur  at  intervals. 

Gram  Basin  (Three  Tree  Point  south)- An 
estimated  six  miles  of  beach  and  bluff  erosion  are 
caused  principally  by  seepage  and  wave  action. 
Vashon  Island  has  about  four  miles  of  waterfront 
subject  to  beach  erosion  and  sloughing  of  bluffs, 
often  caused  by  excess  seepage  water. 

Watt  Sound  Basins -Bainbridge  Island  and 
Kitsap  Peninsula  are  subject  to  beach  and  cliff  erosion 
for  a distance  of  25  miles.  This  includes  erosion  of 
beaches  and  sloughing  of  the  bluffs  caused  by 
concentrations  of  seepage  water.  Hood  Canal  in 
Jefferson  County  hat  about  ten  miles  of  beach  and 
cliff  erosion.  In  Mason  County,  three  to  four  miles  of 
area  are  subject  to  beach  and  cliff  erosion. 

Included  in  the  above  totals  is  a sand  spit  at  the 
head  of  Case  Inlet  in  the  southern  part  of  the  West 
Sound  Basins.  If  erosion  continues,  a breach  may 


occur  in  the  spit  that  protects  Vaughn  Bay.  In  the 
northern  part  near  Port  Townsend,  an  existing  breach 
in  a sand  spit  that  protects  Kilisut  Harbor  is  continu- 
ally eroding. 

Whidbey-Camano  Islands- Whidbey  Island  has 
beach  erosion  in  low  areas  which  are  protected  by 
dikes  and  in  unprotected  low  areas  along  the  beach, 
as  well  as  sloughing  of  sea  cliffs.  It  is  estimated  that 
about  25  miles  of  beach  area  are  affected.  Camano 
Island  has  problems  similar  to  those  on  Whidbey, 
affecting  about  six  miles  of  beach  and  shore. 

Puyallup  Basin  The  Pierce  County  peninsula  is 
affected,  primarily  by  sloughing  of  bluffs  due  to 
excess  seepage  water  which  includes  septic  tank 
effluent,  on  about  three  miles  of  beach.  It  is  eroding 
at  the  rate  of  about  one  foot  per  year.  The  Sunnyside 
Beach  near  Steilacoom  is  about  two  miles  long  and 
has  eroded  about  25  feet  in  the  last  20  years. 

Elwha-Dungenass  Basins  In  Clallam  County 
the  low  beach  areas  at  the  mouth  of  the  Elwha- 
Dungeness  are  subject  to  erosion  from  wave  action, 
and  bluff  areas  are  subject  to  slides  from  excessive 
seepage  and  wave  action.  Ten  to  fifteen  miles  of 
beach  area  are  affected.  Included  is  the  erosion  of 
Ediz  Hook  near  Port  Angeles  which  threatens  to  cut 
the  narrow  strip  of  land  from  the  mainland. 

San  Juan  Islands- About  15  miles  of  beach  and 
shore  area  on  the  San  Juan  Islands  are  subject  to 
damage  from  beach  erosion  and  sloughing.  This 
includes  the  beach  erosion  on  Cattle  Point,  San  Juan 
Island,  and  Shaw  Island,  as  well  as  other  islands. 
Some  drifting  dune  sand  is  found  near  Cattle  Point. 
On  Point  Roberts  about  five  miles  of  waterfront  are 
subject  to  beach  erosion,  and  about  one-third  of  that 
would  be  subject  to  sloughing. 

Study  Needed  A detailed  study  is  needed  for 
the  purpose  of  establishing  methods  of  erosion 
control  on  these  beaches. 

Sediment  Production 

Existing  soil  surveys  in  the  Area  make  it 
possible  to  classify  2,015.300  acies  of  land  in 
Capability  Classes  VI,  VII,  and  VIII  with  a severe  or 
very  severe  erosion  potential,  and  1 ,352.400  acres  in 
Classes  II  through  IV  with  a moderate  erosion 
potential.  There  are,  in  addition.  3 ,490 ,000  acres 
under  Federal  administration  that  are  estimated  from 
low-intensity  surveys  to  have  a severe  or  very  severe 
erosion  potential.  An  outstanding  characteristic  of 
the  Area  is  that,  while  present  erosion  may  be  said  to 
be  nominal,  the  potential  for  erosion  is  very  great  and 
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*'■  mus  ciosion  is  prevented  only  hy  the  generally 
excellent  vegetative  cover.  The  acreages  enumerated 
above  constitute  critical  erosion  areas  at  any  time 
vegetative  cover  is  removed  or  seriously  disturbed, 
and  lemam  in  (his  category  until  vegetative  or  other 
cover  may  again  stabilize  the  soil  mantle. 

The  expected  economy  of  the  Area  will  result 
in  the  removal  of  disturbance  of  vegetative  cover  on 
an  average  1 38,000  acres  annually  as  a result  of  forest 
harvest,  road  construction,  and  urban  development. 
The  critical  erosion  area  at  any  point  in  time  thus 
consists  of  newly  disturbed  lands;  lands  recovering 
from  previous  activity;  lands  and  cover  damaged  by 
wildfire  or  other  disaster  such  as  landslide;  and  lands 
affected  by  shore  and  streambank  erosion.  Hooding, 
and  sedimentation. 

Disturbance  of  the  land  is  a part  of  human 
activity.  Under  the  circumstances,  the  best  manage- 
ment will  hold  the  degree  of  disturbance  to  the 
minimum  possible,  apply  protective  measures  to  the 
disturbed  area  to  prevent  offsite  effects,  avoid  undue 
concentrations  of  critical  areas  in  any  given  water- 
shed. and  rapidly  rehabilitate  critical  erosion  areas  to 
the  best  hydrologic  condition  possible. 

In  the  Puget  Sound  Area,  the  most  common 
agent  of  erosion  is  water.  Material  detached  and 
moved  from  the  soil  body  becomes  sediment  and  is 
equal  to  the  gross  erosion.  Sediments  naturally  move 
by  relatively  slow  processes  of  alternating  transpor- 
tation and  deposition  until  they  reach  well-defined 
channels  where  transportation  by  flowing  water 
becomes  a dominant  feature. 

Channel  sediments  vary  widely  in  speed  of 
movement  downslope,  depending  on  the  transporting 
ability  of  the  flowing  water.  Some  sediment  is  stored 
in  channel  bars  or  as  alluvium  on  flood  plain.  The 
amount  of  sediment  passing  a control  point  is  the 
sediment  yield  at  that  point  and  is  commonly 
expressed  as  tons  per  acre  or,  alternatively,  as 
acre-feet  per  square  mile  of  watershed  area  per  year. 
Determining  sediment  yields  by  suspended  load 
measurement  is  difficult  and  expensive,  and  few 
measurements  of  significant  intensity  or  duration 
have  been  attempted  in  the  Puget  Sound  Area. 

An  estimate  prepared  for  the  Columbia-North 
Pacific  Type  I River  Basin  Study  (1969)  indicates  a 
generalized  sediment  yield  of  1,600  acre-feet  per 
year.  Sources  of  this  sediment  were  considered  to  be; 
from  cropland,  9 percent;  forest  land,  63  percent; 
rangeland,  2 percent;  and  all  other  lands,  26  percent. 

The  proportion  of  sediment  yield  to  gross 


erosion  is  the  sediment  delivery  ratio.  This  ratio  may 
vary  from  a tew  percent  to  nearly  100  percent, 
depending  on  circumstances.  This  ratio  is  of  consider- 
able technical  significance  because  of  esthetic  and 
economic  impacts  upon  the  environment.  In  the 
absence  of  actual  measurements,  little  can  be  said  of 
quantitative  conditions  in  this  Area,  except  that  the 
topographic  forms  would  indicate  a moderately  high 
delivery  ratio  at  points  on  intermediate  stream 
reaches.  The  delivery  ratio,  typically,  is  higher  in 
small  watersheds  and  steep  terrain,  and  has  a 
tendency  to  sharply  increase  as  erosion  progresses  and 
drainage  densities  increase. 

Some  sediment  is  produced  by  natural  geologic 
forces  of  weathering  and,  in  some  parts  of  the  Puget 
Sound  Area,  glacial  activity  generates  large  quantities 
of  sediment  in  the  streams  draining  the  icefields. 
However,  much  of  the  sediment  derived  in  this  way 
moves  slowly  and  requires  long  periods  of  time  to 
reach  stream  channels. 

A large  amount  of  sediment  is  now  produced  as 
a result  of  housing,  industrial,  and  other  construction 
activities  of  man.  Earthmoving  machinery  detaches 
and  rearranges  the  soil  and,  in  the  process,  removes 
vegetation  and  disturbs  natural  drainage  passages.  The 
supply  of  loosened  material  is  augmented,  and  the 
action  of  overland  flows  is  concentrated,  to  allow 
ready  delivery  of  sediment  to  active  streams. 

Thus,  the  sources  of  sediment,  once  associated 
with  the  use  of  land  for  crops  and  forests,  are  being 
seriously  augmented  in  some  places  by  new  and 
powerful  sediment-producing  activities. 

Basic  quantitative  data  on  the  relation  of 
urbanization  and  other  disturbances  on  sediment 
yield  are  lacking  in  the  Area.  Some  such  measure- 
ments in  eastern  United  States  have  been  summarized 
by  Wolman,1  who  studied  sediment  yields  from 
building  activity  and  other  activity  in  Maryland.  Such 
urban  yields  were  found,  for  very  small  areas,  to 
exceed  20,000  to  40,000  times  the  amount  eroded 
from  farms  and  woodlands  in  an  equivalent  period  of 
time.  Figure  2-12  from  Wolman  relates  the  sediment 
yield  and  discharge  for  an  urban  and  a rural  or 
unurbanized  area.  This  relation  in  a generalized  way 
may  apply  to  similar  activities  in  the  Puget  Sound 
Area. 

Sediments  derived  directly  or  indirectly  from 
roadbuilding,  urban  developments,  and  similar  activi- 

1 Wolman,  M.G.,  Report  to  Maryland  Water  Pollution 
Control  Commit* ion:  Annapolis,  Md.  (1964). 
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SEDIMENT  LOAD,  IN  TONS  PER  DAY 


DISCHARGE,  IN  CUBIC  FEET  PER  SECOND 

FIGURE  2-12.— Relation  of  aediment  yield  and  discharge  for  an  urban  and  a rural  or  unurbanized  area. 
(Wo!  man) 
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PHOTO  2-7.  Fertile  cropland  is  covered  by  massive  fill  for  industrial  site. 
Construction,  unless  carefully  planned,  produces  much  sediment.  (SCSI 


ties,  unless  carefully  managed,  increase  the  gross 
supply  of  sediment  and  greatly  increase  the  rate  of 
export,  causing  severe  local  and  general  disturbances 
to  the  sediment  load  in  streams. 

Sheet  erosion,  which  includes  the  detachment 
of  soil  from  inadequately  protected  surfaces  of  land 
by  the  impact  of  rainfall,  is  widespread  and  is 
probably  a major  element  in  the  gross  erosion  of  the 
Puget  Sound  Area.  Sheet  erosion,  unless  promptly 
controlled,  becomes  more  severe  and,  in  advanced 
stages,  tends  to  accelerate  and  become  the  more 
spectacular  gully  erosion. 

Gully,  or  channel,  erosion,  which  is  the  removal 
of  soil  by  concentrations  of  flow,  and  erosion  from 


PHOTO  2-8.  Forest  access  road  failure  caused  by 
slumping  topography.  (USFS) 


slide  areas,  contribute  significant  amounts  of  sedi- 
ment directly  to  stream  channels  in  some  places. 

Stream  channel  erosion  is  of  major  conse- 
quence, not  primarily  because  of  the  total  volume  of 
sediment  thus  produced,  but  mainly  because  sedi- 
ment is  produced  at  the  watercourses  with  an 
extremely  high  delivery  rate  and  consequently 
directly  damages  the  stream  systems.  At  the  same 
time,  loss  of  valuable  land  is  occurring.  Generally 
speaking,  streambanks  are  eroded  by  saturation  of 
bank  materials  and  tractive  forces  acting  on  the 
banks.  Often,  the  water  reaches  an  erosive  velocity 
when  it  is  well  below  the  top  of  the  streambank.  The 
water  undercuts,  or  erodes  away,  the  lower  portion  of 
the  bank,  leaving  the  upper  portion  unsupported. 
This  upper  portion  then  sloughs  off  into  the  water 
where  the  material  is  transported  downstream.  This  is 
a repetitive  process  and  is  a typical  form  of  bank- 
cutting. 

Photo  2-9  shows  a streambank  which  has  been 
undermined  by  high  flows  of  the  stream.  The  sod  has 
held  the  top  portions  despite  undercutting;  then  the 
sod  has  given  way,  allowing  the  top  portions  of  the 
bank  to  collapse  and  slide  into  the  stream. 

When  forested  streambanks  are  undercut,  the 
trees  and  brush  topple  outward  into  the  stream.  The 
limbs,  trunks,  and  roots  of  the  trees  float  downstream 
and  lodge  on  the  nearest  obstruction.  As  they  lodge 
in  the  stream,  they  often  cause  an  eddy  or  slowing  of 
the  water  which  deposits  gravel  on  the  branches  and 
the  trunk  and  holds  them  firmly  in  the  channel.  This, 
in  turn,  diverts  the  water  from  the  channel  and 
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PHOTO  2-9.  Streambank,  showing  undermining  of  sod.  (SCSI 


against  the  banks  on  one  or  both  sides  of  the  trees. 
This  diversion  of  the  water  against  the  banks  causes 
further  bankcutting  and  results  in  the  accumulation 
of  additional  trees  and  brush  in  the  main  channel.  In 
this  manner,  progressive  bank  erosion  occurs  for  the 
duration  of  the  flooding. 

Concentrations  of  woody  debris  are  common  to 
many  streams  and  as  such  are  a potential  damage 
threat,  especially  during  periods  of  high  runoff.  Such 
debris  can  affect  water  quality,  cause  onsite  and 
offsite  physical  damage,  restrict  recreational  use,  and 
hinder  or  stop  fish  migration.  Experience  has  indi- 
cated that  debris  is  one  of  the  greatest  contributors  to 
aggravated  stream  damage  in  the  Puget  Sound  Area. 

Sometimes  what  is  called  “manufactured” 
debris  results  from  man’s  activities.  Manufactured 
debris  adds  to  natural  accumulations  and  may  cause  a 
disproportionate  amount  of  damage.  Debris  is  some- 
times left  in  or  adjacent  to  stream  channels  as  a result 


of  logging  and  roadbuilding.  Debris  on  steep  slopes 
can  concentrate  overland  flow,  leading  to  slumps  or 
slides  of  woody  debris  and  soil  material  into  the 
stream  channel  below.  Woody  debris  left  in  tempor- 
ary and  permanent  road  embankments,  and  under 
unstable  waste  material  from  road  excavations,  has 
also  been  known  to  trigger  such  slumps  and  subse- 
quent debris  problems.  Since  manufactured  debris  is 
directly  related  to  road  construction  and  timber 
harvest,  the  land  use  alternatives  that  increase  road 
construction  and  timber  harvest  can  be  expected  to 
affect  the  amount  of  debris  produced  during  any 
given  unit  of  time,  unless  procedures  to  minimize 
damage  are  adopted. 

When  the  water  velocity  of  a sediment-trans- 
porting stream  is  temporarily  reduced  for  any  reason, 
as  by  channel  widening,  changes  in  gradient,  or  partial 
blocking,  deposition  of  sediment  occurs.  The 
aggraded  condition  of  the  channel  often  diverts  the 
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PHOTO  2 10.  Debris  dam  on  North  Fork  Sauk  River. 
(USFS) 


eroding  effect  of  the  stream  to  one  side  or  the  other 
o!  the  channel  Progressive  blockages  and  resulting 
erosion  and  sediment  conditions  may  induce  the 
stream  to  lengthen  its  course  by  successive  curves  or 
“meanders.” 

In  a meandering  stream,  most  of  the  bank- 
cutting  is  found  on  the  outside  of  the  curve.  This 
cutting  may  continue  at  the  same  time  that  shoaling 
is  occurring  from  sediment  deposited  by  lower 
velocities  on  the  inside  of  the  curve.  The  culmination 
of  the  meandering  may  be  for  the  stream  to  find  a 
new  course,  thus  abandoning  the  curve.  The 
abandoned  channel  thus  becomes  a slough  through 
which  appreciable  flow  occurs  only  during  freshets. 
Some  stream  reaches  exhibit  multiple  parallel 


PHOTO  2-11.  Eroding  riverbank.  Note  bank  cutting 
on  outside  of  curve  and  shoal  formation.  (SCSI 


channels,  thus  laying  waste  much  of  the  adjacent 
lowland  in  a process  known  as  braiding. 

Significant  bank  erosion  and  channel  braiding 
conditions  exist  on  streams  of  the  Puget  Sound  Area 
and  are  recognized  as  high  producers  of  channel 
sediments.  Two  estimates  are  presented  of  the  aggre- 
gate length  of  channel  banks  thus  affected: 

1 . This  study  utilized  local  knowledge  com- 
bined with  map  measurements  of  recent  aerial  photo- 
graphy. Figures  were  expanded  to  obtain  roughly 
significant  estimates  of  bank  erosion,  and  indicated 
that  1 ,0b5  miles  of  stream  channel  were  affected  by 
moderate  to  severe  erosion  (see  Table  2-5). 

2.  An  independent  estimate  prepared  for  the 
National  Assessment  of  Streambank  Erosion  (1969) 
utilized  a mathematical  approximation.  A factor  of 


PHOTO  2-12.  Roadbuilding  exposes  many  sediment 
sources.  (USFS) 


0.97  was  used  to  represent  the  estimated  average 
number  of  miles  of  channel  per  square  mile  of  land 
area  draining  not  less  than  one  square  mile  (see 
Erosion  Progression).  Computations  based  on  this 
assumption  indicated  a total  of  13,433  miles  of 
stream  channel  of  the  size  indicated,  and  further 
estimated  1,362  miles  of  significant  channel  bank 
erosion. 

Consideration  of  the  two  estimates  leads  to  the 
inference  that  in  the  Puget  Sound  Area  there  exists  at 
least  1 ,000  miles  of  bank  erosion  having  a degree  of 
severity  warranting  corrective  measures.  About  five 
percent  of  the  equivalent  streambanks  of  the  Area 
thus  need  rehabilitation  and  protection.  This  is  in 
addition  to  bank  erosion  on  streams  of  lesser  size  and 
greater  drainage  density  not  considered  by  either 
estimate. 
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TABLE  2-5.  Stream  channel  braiding  and  erosion1 


Measured 
River  Reach 


Bank  Erosion  Measured 

Braiding  Severe  Moderate  River  Reach 

(feet)  (feet)  (feet) 


Bank  Erosion 

Braiding  Severe  Moderate 

(feet)  (feet)  (feet) 


Nook  sack 


Main  Stem 

56.200 

48,600 

67,100 

Puyallup 

North  Fork 

78,700 

1,000 

8,300 

Puyallup  River 

0 

19.950 

30.850 

South  Fork 

26.500 

4,000 

6.000 

White  (&  Stuck) 

Middle  Fork 

29.600 

36,200 

12.200 

Rivers 

77,000 

34,800 

42,850 

Total  Nooksack 

191.000 

89.800 

93,600 

Total  Puyallup 

77,000 

54,750 

73.700 

Skagit 

Nisqually-Deschutes 

North  Branch 

0 

0 

17,200 

Nisqually  River 

14,360 

52,150 

47,150 

South  Branch 

0 

0 

16,600 

Deschutes  River 

0 

6,250 

19.600 

Main  Stem 

24,400 

89.200 

28.000 

Total  Nisqually- 

Total  Skagit 

24,400 

89,200 

61,800 

Deschutes 

14.350 

58,400 

66.750 

Stillaguamish 

West  Sound 

Main  Stream 

8.000 

35,500 

23,000 

Skokomish  River 

5.150 

7,600 

7,850 

North  Fork 

0 

116,000 

19,000 

Hamms  Hamms 

South  Fork 

0 

95.000 

35,000 

River 

0 

1,700 

1,900 

Total  Stillaguamiih 

8.000 

245.500 

77.000 

Duckabush  River 

0 

0 

1.500 

Total  West  Sound 

5,150 

9,300 

11,250 

Snohomish 

Snohomish  River 

0 

20.000 

48.000 

Elwha-Dungeness 

Skykomish  River 

44,000 

35,000 

12,000 

Dungeness  River 

0 

2,700 

12.550 

Snoqualmie  River 

0 

110.000 

68.000 

Total  Elwha- 

Total  Snohomish 

44,000 

165,000 

128,000 

Dungeness 

0 

2,700 

12,550 

Cedar-Green 

Measured  Totals 

363,900 

858.400 

651.600 

Cedar  River 

0 

61.900 

32,100 

Expanded  Totals 

Duwamish  River 

0 

0 

12,100 

(factor  3) 

1.091.700 

2.575,200 

1,954.800 

Green  River 

0 

81.850 

82.750 

Expanded  Totals 

Total  Cedar-Green 

0 

143,750 

126,950 

in  Miles 

207 

488 

370 

1 Measured  from  aerial  photographs.  Figures  expanded  on  judgment  basis. 


PHOTO  2-13.  Sadimont  and  dabrit  in  tha  Nook  sack 
Rivar  channel.  (SCSI 


Numerous  short  reaches  of  streambank  have 
had  some  degree  of  protection  installed.  These 
measures  generally  consist  of  rock  riprap  or  other 
materia’  placed  on  or  along  seriously  eroding  banks. 
The  protection  generally  does  considerable  good  in 
protecting  adjacent  property  from  land  loss,  but  has 
had  relatively  small  effect  on  reducing  sediment 
production  from  streambank  erosion.  Smaller  stream- 
banks  have  been  protected  by  vegetative  means.  All 
sources  of  sediment  need  further  study  with  a view  of 
evaluating  long-term  damages  resulting  from  sediment 
and  with  developing  corrective  measures. 

Sediment  Movement 

The  sediment  that  passes  any  inventory  point  in 
a stream  satisfies  two  conditions:  first,  it  must  have 
eroded  somewhere  in  'he  watershed  upstream  of  the 
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point;  and  second.it  must  be  transported  by  the  flow 
from  the  point  of  erosion  to  the  check  point. 
Similarly,  one  of  two  conditions  limits  the  amount  of 
sedment:  (1)  the  ability  of  the  stream  to  transport 
the  sediment,  or  (2)  the  availability  of  the  material. 

For  all  practical  purposes,  the  sediment  load  of 
streams  can  be  divided  into  two  types  bedload  and 
suspended  load.  This  division  is  based  more  on  mode 
of  transportation  than  on  grain  size.  Bedload  sedi- 
ment is  moved  by  traction  and  the  particles  are 
rolled,  pushed,  or  bounced  along  the  bed.  Suspended 
load  is  carried  in  suspension  and  the  particles  do  not 
come  in  contact  with  the  bed  for  any  measurable 
period  of  time.  Colloids,  clay,  and  silts  are  usually 
fairly  evenly  distributed  in  the  cross  section  of  flow. 
Sands,  gravels,  and  cobbles  are  usually  concentrated 
near  the  bed. 

The  movement  of  sediment  has  a significant 
effect  on  damages  caused  by  floods  and  on  other 
economic  losses  in  rivers,  harbors,  reservoirs,  and 
shoaling  areas.  The  sediment  transport  has  the  general 
effect  of  reducing  channel  flood  capacity,  and 
increasing  stream  meander  tendencies. 

The  analysis  and  measurement  of  sediment 
transport  by  streams  is  complex.  Measurements  of 
sediment  movement  are  inadequate  for  conditions  in 
the  Puget  Sound  Area. 

Flows  of  nearly  all  basin  streams  vary  widely, 
with  the  result  that  the  bedload  in  a given  river  reach 
is  acted  upon  by  widely  varied  forces  over  short 
periods  of  time.  Movement  of  bedload  is  sometimes 
estimated  by  sampling  with  traps  or  by  observing 
migration  of  shoals  under  certain  conditions. 


PHOTO  2-14.  Sediment  accumulations  are  shown  in 
this  Skagit  County  panorama.  (SCSI 


Sediment  Damage 

An  obvious  damage  resulting  from  sediment 
transport  is  the  filling  of  reservoirs  and,  in  some  cases, 
lakes  located  on  the  stream.  In  the  design  of 
reservoirs,  it  is  necessary  to  estimate  loss  of  capacity 
by  sediment  accumulations  during  the  life  of  the 
structure  and  to  compensate  in  some  way  for  the  loss, 
either  by  providing  an  initial  excess  capacity  in  the 
reservoir  or  by  providing  sediment  storage  upstream 
of  the  reservoir.  Sometimes  such  estimates  of  sedi- 
ment are  based  on  existing  delivery  rates  projected 
into  future  years  without  adequate  consideration  of 
sheet  erosion  on  watershed  lands  or  potential  trans- 
formations of  drainage  geometry  resulting  from 
changes  in  land  use  or  changes  caused  by  construc- 
tion, natural  disasters,  and  land  management.  These 
changes  have  the  potential  for  greatly  increasing  the 
delivery  rates. 

Most  of  the  major  existing  reservoirs  appear  to 
be  located  upstream  of  probable  intensive  urban 
developments  but  may  be  affected  by  increased 
recreational  use  of  watershed  lands,  disturbance  from 
timber  harvest,  construction,  and  forest  fires.  Present 
rates  of  sedimentation  are  relatively  low  at  the 
elevations  of  these  reservoirs,  but  large  areas  of  land 
above  the  reservoirs  have  a severe  erosion  potential. 
Prudence  requires  good  management  of  these  lands  to 
prevent  serious  damage  to  the  effectiveness  of  the 
reservoir  sites. 

Sediment  damages,  less  obvious  than  the  classic 
problem  of  reservoir  site  depreciation  but  probably  of 
greater  economic  and  environmental  magnitude,  are 
caused  to  the  system  of  streams  in  each  basin. 
Suspended  sediments  contribute  to  erosion  of 
hydraulic  machinery,  damage  irrigation  and  industrial 
equipment,  and  pollute  the  water  in  a variety  of  ways 
that  affect  the  environment  and  detract  from  many 
of  the  useful  purposes  of  the  water.  Sediment  loads 
frequently  are  deposited  on  valuable  farm  land  and 
developed  areas  with  considerable  loss  of  land  and 
other  property.  Sediment  often  damages  drainage 
structures  and  spawning  areas  for  fish;  adversely 
affects  recreation  and  esthetic  values;  causes  loss  to 
navigation  facilities  and  other  improvements,  and 
changes  estuarine  areas.  Further  study  is  needed  to 
evaluate  long-term  effects  of  sediment  movement  and 
to  develop  improved  methods  of  mitigating  these 
effects. 

The  flooding,  swamping,  and  other  direct  and 
indirect  damages  may  be  subject  to  further  gross 
increases  if  highly  developed  areas  are  unwisely 
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located  where  damages  may  occur  or  if  unwise 
management  of  watershed  areas  allows  sediment  loads 
to  increase  materially  from  large  areas  of  vulnerable 
land. 

Likewise,  attention  to  fairly  obvious  stream- 
bank  erosion  should  not  lead  to  neglect  of  the  less 
obvious  sheet  erosion  and  transformations  of  drainage 
geometry  located  at  points  somewhat  remote  from 
the  main  stream.  Such  transformations  may  result 
trom  changes  in  land  use  or  changes  in  conditions 
caused  by  construction,  natural  disasters,  and 
management.  Although  the  total  impact  on  environ- 
ment may  be  greater,  many  of  these  changes  occur 
gradually  and  thus  escape  attention  until  definite 
changes  in  the  environment  have  occurred. 

A material  increase  in  the  delivery  of  sediment 
from  offsite  sources  has  the  possibility  of  invalidating 
original  estimates  of  sediment  volume.  The  most 
economic  and  effective  measure  against  these  sedi- 
ment-accelerating influences  appears  to  be  the  main- 
tenance of  good  vegetative  cover  on  the  watershed 
lands,  combined  where  necessary  with  specific  conser- 
vation treatment.  In  the  upper  forested  areas  this 
work  is  largely  preventive  in  nature  and  consists  of 
adequate  fire  protection,  careful  regulation  of  logging 
practices,  and  care  in  the  location  and  construction  of 
roads,  combined  with  specific  structural  and  vegeta- 
tive measures  to  repair  critical  erosion  conditions 
resulting  from  natural  causes  or  inadequate  judgment 
in  construction. 

Historically,  consideration  of  sediment  delivery 
of  streams  has  been  confined  to  estimating  effects  on 
reservoir  storage.  Comparatively  less  attention  has 
been  given  to  damages  caused  by  sedimentation  of 
free-flowing  streams,  rivers,  and  estuaries  because  the 
damage,  while  probably  greater  in  total  cost  in  dollars 
and  lost  environment,  is  diffused  among  multiple 
interests  and  attracts  less  attention. 

The  future  condition  of  these  lands  depends 
almost  entirely  on  management.  The  upper  moun- 
tainous areas  are  largely  in  Federal  ownership  and 
presumed  likely  to  remain  in  relatively  good  condi- 
tion provided  current  management  practices  are 
continued.  The  same  can  be  said  of  extensive  areas 
managed  by  the  State  of  Washington.  Management, 
while  good,  could  be  improved  in  many  ways  to 
lessen  sediment  production  or  to  accomplish  other 
beneficial  results.  In  general,  management  improve- 
ment will  depend  on  definition  and  establishment  of 
objectives  for  public  management  and  availability  of 
funds. 


Much  of  the  private  forest  lands  and  croplands 
are  managed  by  private  enterprise.  The  amount  of 
funds  voluntarily  invested  by  the  owner  in  improve- 
ments varies  with  the  means  and  policy  of  the 
individual.  Production  management  is  not  always 
good  watershed  management.  In  general,  conditions 
that  contribute  to  a moderate  and  stable  income  from 
the  land  contribute  to  good  management,  while 
conditions  that  encourage  speculation  or  profit-taking 
and  exploitation  cause  poor  management. 

Some  degree  of  sediment  production  and  move- 
ment is  natural  and,  in  fact,  essential  for  ecological 
balance.  Sediment  particles  in  many  cases  carry 
adsorbed  nutrient  materials  that  are  an  essential  part 
of  the  food  chain.  A degree  of  deposition  and  natural 
shoaling  of  bed-load  sediment  in  streams  and  estuaries 
create  desirable  habitat  conditions  for  various  forms 
of  aquatic  life.  Sediment  deposition  along  coastal 
landforms  is  the  chief  source  of  beaches  and  shallows 
that  offer  numerous  benefits.  It  is  the  excessive 
movement  of  sediments  that  becomes  damaging  and 
is  the  concern  here.  Efforts  to  control  sediment 
production  refer  only  to  accelerated  production  of 
sediments  above  the  normal. 

Many  kinds  of  sediment  may  be  classified.  A 
common  classification  is  by  size  and  is  useful  for 
computing  characteristics  of  movement.  Other  class- 
ifications, often  neglected,  are  based  on  biological, 
physical,  and  chemical  properties.  Many  sediments 
have  a large  capacity  for  adsorption  of  nutrient 
materials,  pollutants,  and  various  gases.  The  character 
of  sediments  varies  with  the  source  and  with  the 
classification  of  particle  size  caused  by  transporting 
by  water.  Characteristics  of  sediment  mav  chanee 
rapidly  in  areas  where  disturbances  are  caused  by 
construction  or  urban  influences,  and  these  changes 
are  inadequately  known. 

The  extent  and  widespread  consequences  of 
rural  and  urban  sediment  production  and  delivery 
need  further  study  in  the  Puget  Sound  Area.  The 
study  should  consider  sources  and  control  measures 
and  evaluate  significant  properties  of  sediment  that 
affect  economic  and  environmental  qualities  of  the 
Area.  Many  of  the  physical,  chemical,  and  biological 
aspects  of  sediment  classification  and  its  derivation, 
movement,  and  disposition  require  evaluation  beyond 
the  comprehensiveness  and  intensity  currently  accom- 
plished. The  study  may  require  monitoring  and 
analysis  of  these  conditions  over  an  extended  period 
of  time.  However,  a preliminary  report  should  be 
made  available  before  1980. 
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FLOODWATER  DAMAGES 


GENERAL 

Areas  subject  to  floodwuter  damages  are 
estimated  by  soil  interpretation  and  by  consideration 
of  historical  records.  A total  of  747,000  acres  are 
found  subject  to  floodwater  damages  at  least  once  in 
100  years  from  excess  precipitation  and  other  causes. 
About  276,800  acres  of  the  total  are  subject  to 
damages  by  overbank  flooding  of  major  streams,  in 
addition  to  other  sources  of  damaging  water.  The  area 
subject  to  damages  is  comprised  of  approximately 
190,800  acres  of  forest  and  range  land,  454,400  acres 
of  cropland,  and  101 ,800  acres  of  urban  and  rural 
non-farm  land.  Damages  from  floodwater  are  esti- 
mated at  SI 5,954,000  annually  and  will  increase 
rapidly  with  time  if  urban  development  of  hazardous 
areas  is  permitted  to  continue  in  accordance  with 
present  trends.  About  57,132,000  of  the  above 
damages  are  from  overflow  of  principal  rivers  and 
$8,822,000  from  tributary  and  upstream  flood  plains. 

Values  used  in  determining  floodwater  damages 
are  derived  from  historical  data  prepared  for 
Appendix  XII,  Flood  Control.  Average  annual 
damage  per  acre  within  the  Area  may  vary  by  basins 
from  a low  of  $3.88  in  the  Nisqually  to  a high  of 
$39.15  in  the  Snohomish.  Historical  average  annual 
damages  on  the  276,800  acres  in  the  flood  plains  of 
major  streams  were  considered  typical  of  damages  in 
the  tributary  or  upstream  flood  plains,  and  thus  are 
used  to  estimate  damages  on  470,200  acres  of 
upstream  and  tributary  flood  plains. 

The  best  cropland  is  contained  in  these  flood 
plains.  Reserving  use  of  the  flood  plains  for  farming, 
other  open  uses,  and  certain  water-based  industries, 
offers  advantages  in  limiting  escalation  of  future 
damages. 


DAMAGE  REDUCTION 
METHODS  IN  USE 

Regulation  of  Uw 

Much  voluntary  regulation  of  use  is  practiced 
by  landowners  and  operators  to  limit  damages  in 
flood-prone  areas.  These  measures  usually  include 
planning  vegetative  cover  and  crop  rotations  to 
furnish  protection  against  land  scour,  as  well  as 
location  of  buildings  and  other  improvements  to 
minimize  loss.  Concern  is  felt  in  many  localities  that 


urban  development  will  further  encroach  onto  hazard 
areas.  Steps  toward  regulation  of  use  by  county  and 
State  ordinances  are  being  considered  in  several 
basins. 

Flood  Control  Measures 

This  is  the  term  generally  applied  to  works  of 
the  type  installed  by  the  United  States  Army  Corps 
of  Engineers  through  its  civil  works  program  to 
mitigate  damages  caused  by  overbank  flooding  of 
principal  rivers.  Measures  generally  consist  of  flood 
detention  storage,  levees,  and  river  channel  improve- 
ments. Some  flood  storage  is  provided  in  the  Puget 
Sound  Area  by  Ross  Dam  on  the  Skagit  River, 
Howard  A.  Hanson  Dam  on  the  Green  River,  and 
Mud  Mountain  Dam  on  the  White  River,  incidental 
floodwater  storage  is  provided  through  hydroelectric 
and  water  supply  storage  projects  on  the  Skagit, 
Cedar,  Nisqually,  Skokomish,  and  Elwha  Rivers. 
Some  channel  improvement  is  accomplished  on  the 
Skokomish  River,  lower  Cedar  River,  and  lower 
Puyallup  River. 

Many  levees  have  been  constructed  by  private 
parties  and  by  local  improvement  districts  to  protect 
against  moderate  flood  occurrences  and  tidal  effects 
from  Puget  Sound.  Most  of  these  levees  are  con- 
structed for  protection  of  land  in  agricultural  use. 
The  level  of  protection  obtained  from  many  of  these 
non-Federal  improvements  is  against  floods  of  a 
recurrence  frequency  of  2-8  years. 

The  special  subject  of  improvements  to  provide 
protection  from  overflow  of  major  streams  is  appro- 
priately covered  in  Appendix  XII,  Flood  Control. 
Flood  prevention  measures  as  distinguished  from 
Flood  Control  are  discussed  in  more  detail  in  this 
Appendix.  The  subject  of  “flood  control”  is  not 
duplicated  here  except  to  the  extent  required  to 
explain  the  disposal  or  mitigation  of  comingled 
waters  and  to  advance,  in  some  instances,  improve- 
ment alternatives  consisting  of  programs  and  projects 
appropriate  for  agriculture  and  other  open  use  of  land 
in  conjunction  with  regulated  utilization  of  land  in 
hazard  areas. 

Flood  Prevention  Measures 

Flood  prevention  measures  are  the  type  of 
improvements  generally  constructed  under  the  provi- 
sions of  Public  Law  566  under  the  leadership  of  the 
Soil  Conservation  Service.  These  are  undertakings  for 
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(lie  conveyance,  control,  and  disposal  of  surface 
waiers  caused  by  abnormally  high  direct  precipita- 
tion. stream  over  How,  or  Hood  aggravated  by  wind  or 
tidal  effects. 

Improvements  consist  of:  (a)  land  treatment 
measures  installed  by  landowners  to  improve  soil  and 
water  resources  and  to  provide  the  highest  feasible 
degree  of  runoff  retardation,  sediment  control,  and 
water  management;  and  (b)  structural  measures  that 
produce  measurable  flood  prevention  benefits  to 
groups  of  landowners,  to  communities,  and  to  the 
general  public.  Structural  measures  are  installed  by 
local  improvement  districts  and  subdivisions  of  State 
government,  with  technical  and  financial  assistance 
from  the  United  States  Department  of  Agriculture. 

The  following  projects  and  treatment  programs, 
planned  under  Public  Law  566.  have  been  completed 
or  are  now  underway:  Saar  Creek  (map  number  1 1-2) 
in  the  Nooksack-Sumas  Basins;  French  Creek  (8-2), 
and  Marshland  (8-5)  in  the  Snohomish  Basin;  and 
East  Side  Green  River  (0-34),  and  West  Side  Green 
River  (0-35)  in  the  Green  River  Basin.  When  installed 
and  fully  operative,  these  projects  are  planned  to 
produce  over  $1,686,000  of  direct  flood  damage 
reduction  and  other  benefits,  per  year.  Other  projects 
that  appear  feasible  for  early  action  are  discussed  in 
the  section  “Means  to  Satisfy  Needs”  of  this  Appen- 
dix. 

Flood  prevention  measures  are  applied  mainly 
to  reduce  damages  from  watersheds  smaller  in  size 
than  those  discussed  under  Flood  Control,  and 
normally  are  applied  as  parts  of  multiple-purpose 
projects.  Such  projects  may  include  community 
drainage  and  other  water  management  purposes;  and 
purposes  such  as  recreation,  fish  and  wildlife  habitat 
improvement,  and  water  supply  in  addition  to  flood 
prevention. 

Each  small  tributary  to  a large  stream  adds  its 
increment  to  the  volume  of  water  in  the  river  on  its 
way  toward  Puget  Sound.  The  quantity  of  these  flows 
and  the  time  of  concentration  at  the  main  stream  are 
of  importance  in  computing  the  size  of  a flood  on  the 
main  stream.  This  is  especially  true  if  the  tributary 
stream  is  large  or  there  are  a number  of  small  streams. 

The  application  of  land  treatment  measures 
designed  to  retard  the  runoff  from  small  watersheds 
or  the  construction  of  reservoirs  may  change  both  the 
size  of  peak  flows  and  the  timing  of  peak  flows  from 
small  watersheds.  Channel  improvements,  urbaniza- 
tion, industrialization,  and  pumping  from  small 
watersheds  tend  to  increase  the  volume  of  runoff  and 
the  flood  peaks. 


Small  streams  frequently  are  relatively  large 
contributors  ol  sediment  and  pollution  into  the  mam 
channel.  The  sediment  may  fill  or  block  the  mam 
channel,  causing  floods,  even  at  lower  peak  volumes 
of  flow  than  usually  experienced.  The  control  « »t 
sediment  sources  is  an  urgent  need. 

Works  ol  improvement  installed  in  approved 
watershed  project  areas  to  control  the  Hows  from 
small  streams  frequently  add  much  to  the  esthetic 
values  and  lead  to  many  recreational  possibilities. 
Properly  applied  land  treatment  measures  lead  to 
increased  and  more  efficient  agricultural  production 
These  same  land  treatment  measures  provide  com- 
munity-wide benefits  through  improved  water 
management,  and  decreased  sediment  and  other 
pollution. 

Flood  prevention  measures  and  Hood  control 
measures  often  are  complementary  in  nature  and 
both  types  of  measures  frequently  are  necessary  in 
providing  Hood  damage  reduction  benefits  on  tribu- 
tary streams  and  improved  drainage  and  other  bene- 
fits to  flood  plain  lands.  Coordination  in  installing 
projects  is  accomplished  by  planning  guided  by  an 
agreement  between  the  departmental  agencies. 

Several  categories  of  flood  prevention  measures 
are  described  here.  These  methods  arc  sometimes 
combined  to  obtain  practical  benefits  at  minimum 
expense. 

Watershed  Use  and  Treatment  Watershed  use. 
and  treatment  of  the  watershed  according  to  its  use. 
is  of  particular  importance.  Agronomic  and  forestry 
management,  and  measures  to  retard  the  outflow  ol 
water  and  minimize  the  production  and  transport  of 
sediment  are  very  important.  Typical  practices 
involve  keeping  the  maximum  area  of  the  watershed 
in  vegetative  cover  of  grass,  shrubs,  and  lorest.  Where 
sloping  land  must  be  used  for  row  crops,  planting  and 
cultivation  should  be  accomplished  on  the  contour, 
insofar  as  possible,  critical  sediment -producing  areas 
should  remain  in  permanent  eovec : and  all  means  used 
to  encourage  infiltration  of  water  into  the  soil  where 
it  may  be  released  at  a more  equitable  rate  In 
particularly  critical  areas,  permanent  terraces  and 
furrows  constructed  on  the  contour  and  provided 
with  proper  outlet  channels,  assist  in  temoving  the 
excess  water. 

When  developments,  such  as  load  construction 
or  urban  concentrations,  are  placed  on  these  lands, 
full  consideration  should  be  given  to  the  effects  on 
"the  hydrology  of  the  watershed.  Such  consideration 
will  provide  for  the  shortened  time  of  concentration 
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ol  flow;  decreased  infiltration  into  the  soil  mantle; 
and  less  cvapotranspiration.  Properly  designed  and 
protected  channels  for  disposal  of  excess  flow  should 
be  made  a part  of  the  development  and  should 
provide  for  greatly  increased  peak  demands  as  a direct 
result  ot  the  less  favorable  hydrologic  conditions,  as 
well  as  the  increase  in  damageable  values  to  be 
protected. 

Detention  Storage- Achieving  protection  by 
storage  or  detention  when  practical,  frequently 
results  in  conserving  water  for  auxiliary  uses.  The 
benefits  thus  achieved  may  include  the  use  and 
enjoyment  of  the  water  for  irrigation  and  other 
consumptive  uses;  recharge  of  subsurface  water 
supply;  recreation,  fish  and  wildlife  use;  lowflow 
enhancement  of  streams;  and  other  uses.  Detention  of 
peak  flows,  so  that  these  volumes  do  not  synchronize 
with  other  downstream  flood  peaks,  sometimes  will 
aid  materially  in  reducing  downstream  flood  peaks. 
The  reduction  of  peak  flows  will  also  materially 
reduce  the  velocity  of  flows  and  retard  erosion  of 
streambeds.  reduce  the  sediment  carried  by  the 
stream,  and  help  reduce  bankcutting  and  overtopping 
of  dikes.  Storage  for  flood  prevention  purposes  has 
not  been  practiced  for  small  watersheds  primarily 
because  of  the  large  volumes  of  flow  encountered 
throughout  the  Area.  Particularly  favorable  sites  are 
necessary  if  flood  prevention  is  to  be  accomplished 
primarily  by  storage. 

Many  small  stream  reaches  have  regrettably 
small  flows  or  become  dry  during  summer  periods  of 
low  rainfall.  Often  watershed  conditions  contributing 
to  high  peak  flows  during  winter  months  also 
contribute  to  variable  low  flow  conditions  in  the 
summer.  Lack  of  adquate  summer  and  early  fall  flows 
in  these  streams  denies  the  Area  many  benefits. 

Ir  many  localities  the  summer  flow  is  supported 
entirely  by  ground  water  contributions.  In  some 
instances  actual  and  potential  fish  and  wildlife, 
recreational,  water  supply,  and  agricultural  purposes 
could  benefit  greatly  by  measures  to  improve  the 
low  flow  of  these  streams.  Each  such  stream  requires 
separate  study  but  improvements  generally  consist  of 
adequate  land  treatement  measures,  channel  improve- 
ments, and  often  controlled  storage.  Storage  thus 
provided  may  contribute  to  flood  prevention 
benefits. 

Lev  ms,  Dikes,  and  Bank  Protection-This 
general  approach  is  commonly  used  because  it  is  a 
relatively  inexpensive  method  of  producing  benefits. 
Small  quantities  of  earth,  formed  into  levees  or  dikes. 


will  assist  in  the  conveyance  of  large  quantities  of 
water  and  will  protect  areas  of  land  with  a minimum 
of  expense. 

Bank  protection  has  been  provided  by  numer- 
ous methods  for  the  purpose  of  saving  land  from  the 
encroachment  of  the  river  and  making  an  efficient 
channel  for  flow.  The  most  practical  and  popular 
method  of  bank  protection  is  to  armor  the  stream- 
banks  with  rock  riprap.  In  the  interest  of  economy,  it 
is  standard  practice  to  protect  with  rock  only  those 
points  at  which  most  damage  occurs.  The  combina- 
tion of  levees  and  bank  protection  is  the  most 
common  method  of  flood  protection  and  control. 
Vegetative  protection  is  used  for  small  channels  and 
in  combination  with  structural  protection  on  many 
larger  channels. 

Channel  Capacity  Improvement— Channel  capa- 
city improvement  is  often  used  for  control  of  the 
smallest  flood  problems.  The  smaller  streams  gener- 
ally have  inadequate  channels;  this  is  especially  true 
of  the  flatter  lands  or  in  the  hummocky  types  of 
terrain.  On  the  smaller  streams  the  principal  purpose 
is  often  to  remove  excess  water  from  the  land,  and 
the  formation  of  natural  or  constructed  levees  along  a 
channel  prevents  local  waters  from  readily  entering 
the  stream.  When  this  condition  and  purpose  exist,  it 
is  common  practice  for  the  stream  channel  itself  to  be 
deepened  and/or  widened,  and  the  spoils  spread  on 
land  adjacent  to  the  channel  in  such  a way  that  they 
will  not  interfere  with  local  waters  entering  the 
channel. 

New  channel  construction  is  sometimes 
required  to  facilitate  removal  of  waters  trapped  by 
topographic  features  or  by  construction  along  major 
channels.  Floodgates  installed  for  outlet  of  waters 
collected  by  these  channels  serve  to  allow  outflow 
during  low  stages  of  rivers  and  to  prevent  reverse  flow 
during  high  stages.  In  some  cases  discharge  works 
require  the  use  of  pumps  for  discharge  of  collected 
waters  under  conditions  of  adverse  hydraulic  head. 

DEMANDS  FOR  FLOOD  PLAIN  USE 

The  level  of  flood  protection  required  varies 
widely,  depending  upon  location;  soil  type,  and  soil 
stability;  the  type  of  land  use;  and  the  gradient  or 
slope  of  the  land.  Homesites,  industrial  complexes, 
and  urban  areas  require  a high  degree  of  protection. 
Schools,  public  buildings,  and  commercial  areas 
require  almost  complete  protection  from  all  types  of 
flooding,  including  standing  water  or  ponding. 
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Land  for  certain  farming  uses  can  tolerate 
occasional  flooding  during  dormant  or  non-growing 
seasons,  provided  the  duration  of  flooding  is  short. 
Agricultural  areas  located  where  the  flow  of  the  water 
is  swift,  or  where  the  soil  is  vulnerable  can  stand  very 
little  flooding.  Floodwaters  which  are  swift,  erosive, 
or  occur  during  the  growing  season , are  very  damag- 
ing to  agricultural  interests.  Those  floods  which 
quietly  inundate  areas  to  a shallow  depth  and  do  not 
continue  to  inundate  the  area  for  long  periods  of  time 
cause  relatively  small  damage  during  the  dormant 
season. 

The  relatively  level  flood  plains  of  the  major 
rivers  have  from  early  times  attracted  water -oriented 
industry,  commerce,  transportation,  and  other  urban 
developments.  Some  such  developments  locate  here 
by  necessity;  others  are  attracted  by  the  level  easily 
improved  sites,  often  ignoring  the  risk  from  periodic 
flooding.  Much  of  the  good  cropland  is  found  in  these 
flood  plains  and  many  highly  productive  farms  are 
located  there. 

The  historical  demands  on  flood  plain  lands  are 
increasing  and  are  accompanied  by  a parallel  demand 
for  lands  along  tributary  streams.  With  the  advent  of 
better  roads  many  urban  developers  are  becoming 
interested  in  formerly  remote  stream  valleys  tributary 
to  the  main  stem  rivers.  Much  of  the  interest  stems 


from  a search  for  cheap  land  to  develop  and  for 
suburban  acreage.  Along  with  increasing  population  is 
a demand  for  development  of  recreation  areas 
enhanced  by  small  streams. 

The  increased  use  of  these  upstream  areas  has 
greatly  increased  the  conservation  problem.  Sediment 
production  for  the  urbanization  and  building  activi- 
ties which  are  taking  place  is  causing  sediment 
problems  downstream  and  within  the  small  water- 
sheds themselves.  The  more  rapid  and  increased 
runoff  from  these  areas  is  adding  to  the  previous  peak 
flows  of  some  streams.  Channel  capacities  are  reduced 
by  the  sediment  eroded  from  the  watersheds  and 
deposited  in  the  streams. 

An  average  of  6,000  acres  per  year  of  cropland 
was  converted  to  urban  uses  during  the  period 
1949-1964.  Of  this  amount,  about  1,000  acres  per 
year  are  estimated  to  consist  of  the  better  quality 
cropland  of  the  flood  plains  of  rivers  and  tributaries. 
The  rate  of  loss  of  the  better  quality  cropland  is 
expected  to  increase  rapidly  to  an  annual  rate  of 
5,000  to  6,000  acres  per  year  by  1980  unless  the 
present  trend  of  urban  scattering  is  modified.  The 
result,  if  the  present  trend  continues,  will  be  a large 
loss  of  productive  values  and  a greatly  increased  cost 
in  providing  protection  against  damages  associated 
with  occupancy  of  flood  plain  lands. 


LAKES  AND  POTENTIAL  RESERVOIR  SITES 


Fresh  water  lakes  are  features  of  the  landscape 
that  have  been  formed  by  any  of  several  geologic 
processes;  e.g„  land  rising  or  subsiding,  volcanic 
activity,  river  erosion,  landslides,  and  glacial  action. 
Glacial  action,  in  particular,  has  been  active,  directly 
or  indirectly,  in  forming  lowland  lakes  found  at 
elevations  below  3,000  feet  as  a result  of  ice  erosion, 
morainal  dams  in  valleys,  or  the  formation  of  kettles. 

There  are  over  2,800  lakes  in  the  Puget  Sound 
Area.1  About  half  of  the  lakes  have  a surface  area  of 
less  than  five  square  miles,  and  all  the  lakes  are 
relatively  small.  Some  of  the  lakes  are  provided  with 
outlet  controls  for  the  purpose  of  modifying  their 
size  or  depth,  or  for  regulation  purposes. 

The  shores  of  easily  accessible  lakes  have 
become  favored  residential  sites  and  the  lakes  are 

1 Wolcott.  Ernest  W„  Lake*  of  Western  Wellington.  1066. 


coming  under  increasing  recreational  use.  Many  of 
these  installations  depend  on  septic  tanks  and  garbage 
dumps  for  waste  disposal  where  soil  conditions  often 
are  unfavorable  for  such  uses.  Poor  waste  disposal, 
combined  with  accelerated  sedimentation,  increase 
solar  heating  and  lead  to  greatly  increased  loading  of 
the  lake  with  nutrient  materials  conducive  to  aquatic 
plant  growth  and  general  degradation. 

Lakes,  geologically  speaking,  are  transitory 
features  of  the  landscape.  Once  formed,  they  begin  to 
pass  through  stages  of  aging  described  as  youth, 
maturity,  old  age,  and  oblivion.  The  newly  formed 
lake  becomes  at  once  subject  to  combinations  of 
physical  and  biological  forces  that  begin  to  age  the 
impoundment.  Soil  erosion  and  sedimentation,  wave 
action,  lake  currents,  and  various  animal  and  vegeta- 
tive successions,  act  to  fill  the  depression  or  to  erode 
the  outlet.  In  its  old  age,  the  depression  has  at  last 
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been  drained; or.  alternatively,  filled,  becoming  first  a 
hop  and  ultimately  a meadow.  There  are  many 
"dead”  lakes  in  the  Puget  Sound  Area,  and  the  life 
expectancy  of  many  small  lakes  can  be  considered  as 
relatively  short.1 

Lakes  arc  a valuable  natural  resource  and  good 
management  can,  in  many  cases,  restore  and  protect 
their  quality  for  greater  benefit.  Structures  to  lessen 
the  inflow  of  sediments  and  plant  nutrients;  to 
provide  circulation  and  aeration  of  the  water;  to 
control  temperature;  and  to  stabilize  outlet  and 
inflow,  as  well  as  measures  to  control  or  modify  the 
succession  of  animal  and  vegetable  life  are  useful 
under  varying  conditions.  Each  lake  is  unique  in  size, 
position,  and  ecology  so  that  a detailed  study  of  the 
individual  site  is  essential  in  providing  the  best 
management  for  any  of  several  beneficial  purposes. 
While  management  varies  with  the  site,  the  obvious 
first  step  is  to  determine  the  objectives  of  manage- 
ment; i.e.,  the  principal  uses  to  which  the  resource  is 
to  be  dedicated. 

Lakes  are  very  important  in  the  hydrologic 
regimen  of  the  Area  and  serve  many  purposes. 
Construction  of  artificial  lakes  and  ponds  frequently 
is  undertaken  and  often  provides  benefits  similar  to 
natural  lakes.  Artificial  lakes  as  well  as  natural  lakes 
generally  assist  in  the  management  of  runoff  waters 
and,  in  many  instances,  contribute  to  the  low  flow 
regimen  of  small  streams,  furnish  water  for  various 
uses,  and  serve  recreational  demands. 

About  24 2 of  these  existing  reservoirs  can  be 
classed  as  major  structures  for  hydroelectric  power  or 
water  supply  purposes,  and  over  1 .3003  ponds  and 
reservoirs  have  been  constructed  for  farm  water 
supply  or  as  recreational  assets.  Construction  of 
ponds  containing  over  ten  acre-feet  of  storage 
requires  permission  from  the  State  Department  of 
Water  Resources,  and  construction  must  follow  sound 
engineering  criteria. 

Construction  of  storage,  within  reasonable  eco- 
nomic criteria,  requires  sites  that  provide  good 
found?*<r-A  good  water  retention  characteristics,  and 
topograpn^adapted  for  storage.  In  addition,  the  site 

1 Lane.  Ferdinand  C.  A<  an  example  of  relative  longevity, 
Mr.  Lane  predicted  that  "half  the  lakes  in  Minnesota" 
(formed  in  a way  somewhat  similar  to  those  in  tha  Puget 
Sound  Area)  "will  become  ‘dead’  within  fifty  years." 

2 Sae  Appendix  III,  Hydrology  and  Natural  Environment. 

3 From  records  of  the  Soil  Conservation  Service  (1966). 


must  be  located  so  the  storage,  with  reasonable 
maintenance,  can  provide  good  life  expectancy. 
Prudence  indicates  the  need  to  estimate  loss  of 
storage  capacity  from  sediment  during  the  life  of  the 
structure  and  to  compensate  for  this  loss.  Estimates 
should  be  based  on  the  total  watershed  environment 
and  projections  of  changes.  With  large  reservoirs, 
compensation  for  loss  of  capacity  is  often  accom- 
plished by  providing  an  initial  excess  of  capacity, 
rather  than  providing  offsite  structural  measures  to 
improve  watershed  conditions.  In  the  case  of  smaller 
structures,  and  in  the  case  of  critical  sediment- 
producing  areas  upstream  of  the  reservoir  site, 
auxiliary  structures,  such  as  sediment  catchment 
basins,  stabilization  measures,  bank  revetments, 
channel  sills,  and  drop  structures  may  be  econom- 
ically sound.  Drainage,  or  diversion  of  flows  around 
slide  areas  to  improve  stability,  may  be  desirable. 

Major  potential  reservoir  sites  are  well  known 
and  many  are  included  in  the  descriptions  of  the 
various  basins  in  Appendix  III,  Hydrology  and 
Natural  Environment.  Reservoirs  of  less  than  major 
size  can  provide  substantial  benefits  also,  and  by 
careful  location  and  planning,  can  contribute  benefits 
to  tributary  streams  and  in  the  aggregate  provide 
considerable  benefits  to  entire  river  basins.  The 
critical  need  is  careful  detailed  planning  that  will 
provide  objectives  and  criteria  for  each  site  or  group 
of  sites  considered. 

R - ers  and  tributary  streams  in  the  Area  gener- 
ally have  steep  gradients  that  induce  relatively  high 
installation  costs  per  unit  of  storage  capacity.  These 
comparatively  high  storage  costs,  often  with  high 
volumes  of  seasonal  flow,  have  combined  in  the  past 
years  to  limit  construction  of  impoundments  pri- 
marily for  the  reduction  of  flood  damages.  Of  the 
major  structures  in  place,  only  Howard  A.  Hanson 
Dam  on  the  Green  River,  and  Mud  Mountain  Dam  on 
the  White  River,  have  flood  control  as  the  primary 
purpose.  Numerous  impoundments,  however,  have 
been  constructed  for  hydroelectric  generation,  water 
supply,  and  other  purposes  under  conditions  where 
secondary  benefits-such  as  flood  prevention  and 
recreation  to  name  a few,  have  been  realized. 

This  observation  also  applies  lo  the  construc- 
tion of  small  impoundments  where  the  cost  per  unit 
of  storage  capacity  is  expected  to  be  comparatively 
high,  causing  channel  improvements  or  other  alterna- 
tives for  flood  prevention  purposes  to  be  generally 
favored,  unless  the  storage  capacity  can  also  be  used 
for  other  purposes  in  addition  to  reduction  of  flood 


243 


damages.  Small  impoundments  for  water  supply, 
special  recreation  site  development,  fish  and  wildlife 
purposes,  and  luwflow  augmentation  of  tributary 
streams,  may  singly  or  in  combination  provide 
feasible  bases  for  construction  of  numerous  small 
impoundments  in  future  years. 

The  climatic  characteristics  of  the  Puget  Sound 
Area  cause  minimum  flow  in  most  streams  to  occur 
between  June  and  November.  This  characterisitc  is 
particularly  prominent  in  low-lying  watersheds  that 
derive  much  of  their  summer  flow  from  ground  water 
storage.  The  low  flow  of  these  streams  is  a limiting 
factor  in  the  full  development  of  many  resource 
values  of  the  Area.  Numerous  small  impoundments, 
located  in  the  headwater  reaches  of  low-lying  streams, 
or  in  favorable  off-stream  sites,  have  the  potential  of 
providing  controlled  storage  of  winter  runoff  to 
augment  critical  low  flow  in  the  summer.  The  low 
flow  characteristics  of  Area  streams  are  discussed  by 
river  basins  in  Appendix  III,  Hydrology  and  Natural 
Environment . 

Storage  to  augment  low  flows  of  streams  has 
not  been  used  in  this  Area  to  the  extent  needed  to 
fully  evaluate  benefits.  Storage  for  this  purpose,  and 
for  purposes  such  as  recreation  site  development, 
needs  to  be  carefully  analyzed  on  a site  basis;  thus 


PHOTO  2-15.  Cleared  area  is  being  prepared  for 
housing  development  in  King  County.  Note  erosion 
of  cleared  area  and  loose  fill  in  foreground.  Much  loss 
of  soil  could  be  prevented  by  seeding  cover  crop  and 
providing  drainage  for  storm  water.  (SCSI 


generalizations  at  this  time  are  unwarranted.  It  is 
believed  that  such  developments  will  be  few  in 
number  until  after  1980,  after  which  numerous 
storage  installations  may  prove  feasible.  Further 
evaluation  needs  to  be  undertaken  in  the  near  future 
so  that  criteria  may  be  developed  by  1980. 

In  recognition  of  the  fact  that  smaller  reservoir 
sites  are  a scarce  natural  resource  in  the  Puget  Sound 
Area,  a map  study  was  undertaken  to  identify 
potential  sites.  No  estimate  of  benefits  has  been 
made.  Costs  of  impoundments  vary  widely  but  are 
expected  to  be  from  $250  up  per  acre-foot  (1968 
prices),  depending  on  site  conditions  and  location. 

A partial  list  of  potential  sites  for  further 
investigation  is  given  in  Table  2-6  in  order  to  widen 
consideration  of  potential  utilization  of  this  resource. 
Most  of  the  sites  listed  are  in  the  lower  foothills  zone 
of  the  Cascade  and  Olympic  Mountains;  a few  are  on 
the  San  Juan  Islands. 

Similar  sites  exist  at  higher  elevations  but  have 
not  been  listed  because  of  their  greater  distance  from 
watershed  reaches  expected  to  be  benefited.  Some  of 
the  natural  lakes,  not  listed,  may  have  potential  for 
structural  improvement  and  control  of  storage  with 
beneficial  results. 


PHOTO  2-16.  Same  area  as  Photo  2-15.  The  gully  at 
this  point  is  about  eight  feet  deep  and  50  feet  wide. 
The  soil  lost  from  this  area  eventually  may  end  up  in 
Lake  Washington  where  it  will  contribute  to  degrada- 
tion of  the  lake.  (SCSI 
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TABLE  2-6.  Potential  raaervoir  sit*  by  baaint,  Pugat  Sound  Araa1 
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TABLE  2-6.  Potential  reservoir  sites  by  basins,  Ptifrt  Sound  Atm1  (Cont'd) 
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DRAINAGE  IMPROVEMENT 


Some  portions  of  watershed  management  are 
concerned  primarily  with  measures  for  protection  and 
rehabilitation  of  watershed  lands.  Other  measures  are 
primarily  for  improving  land  characteristics  for 
various  purposes.  Drainage  improvements  belong  in 
the  latter  category.  Many  opportunities  exist  for 
improvement  of  economic  and  environmental  condi- 
tions in  the  Area,  while  retaining  good  hydrologic 
characteristics  and  soil  stability  in  watersheds  through 
judicious  selection  and  use  of  measures  in  each 
category. 

Drainage  practices  of  various  kinds  are  used  to 
improve  the  rate  and  means  by  which  excess  water  is 
removed  to  accommodate  various  purposes.  Much 
advantage  is  gained  by  the  proper  selection  of  land 
suited  for  each  developed  use;  in  addition,  the  degree 
or  intensity  of  drainage  improvement  will  depend  on 
the  specific  use  of  the  land  and  will  vary  over  time  as 
successive  changes  in  use  are  made.  Among  the 
purposes  considered  here  are  cropland  production 
efficiency,  urban  occupancy,  reduction  of  pollution 
hazard,  transportation  improvement,  recreational  site 
development,  and  vector  control. 

Problems  of  inadequate  drainage  were  dis- 
covered when  man  began  to  cultivate  the  land  and 
sought  to  replace  native  vegetation  with  less  tolerant, 
but  more  profitable,  types  of  vegetation.  By  pro- 
viding simple  artificial  outlets  and  channels  which 
would  assist  in  removing  excess  water,  it  was  found 
that  these  more  economic  crops  could  be  grown  in 
the  fertile  alluvial  areas.  Means  to  provide  successful 
water  management  to  these  areas  became  the  prob- 
lem. Lack  of  adequate  water  disposal  also  began  to 
interfere  with  other  activities  of  man  and  his  use  of 
the  land  for  living  space.  This  led  to  more  considera- 
tion of  ways  to  change  the  environment  to  meet  his 
needs. 

All  conditions  of  climate  and  land  combine  to 
provide  certain  capabilities  for  the  removal  and 
disposal  of  water  that  falls,  or  accumulates  on  the 
land.  In  the  natural  setting,  evapotranspiration  is  the 
consumptive  use  of  water  and  the  remaining  water  is 
carried  away  by  drainage.  Drainage  thus  refers  to  the 
surface  runoff  of  water,  as  well  as  to  the  shallow  and 
deep  percolated  water  that  may  reappear  as  the  base 
flow  of  streams  or  become  part  of  the  permanent 
ground  water  province.  The  need  for  improvements 
to  prevent  damages  or  to  secure  other  benefits 
stemming  from  the  removal  of  unwanted  water  is 


considered  here.  These  needed  drainage  improve- 
ments fall  into  two  main  groups:  ( 1 1 those  associated 
with  the  disposal  of  surface  accumulations  of  water; 
and  (2)  those  for  collecting  and  removing  water  from 
within  the  soil  mass  itself  for  various  purposes. 

Surface  drainage  is  the  prevention  or  removal  of 
accumulations  of  unwanted  water,  especially 
ephemeral  floodwater,  derived  from  excess  rainfall, 
stream  flooding,  action  of  wind  or  tide,  or  other 
unusual  condition. 

Internal  drainage  all  natural  soils  have  some 
inherent  capacity  for  passing  excess  water  through 
the  soil  mantle  by  the  action  of  gravity.  This  ability 
ranges  from  near  zero  to  very  rapid  conductivity. 
Improvement  in  this  capacity  for  movement  generally 
supplements  the  natural  permeability  of  the  soil  by 
providing  artificial  conduits  either  to  collect  and 
remove  excess  water  more  rapidly  or  to  intercept  and 
divert  incoming  surface  and  subsurface  flows  before 
they  saturate  or  damage  the  site  to  be  improved.  By 
the  latter  means,  excessive  or  persistent  inflow  is 
prevented'  or  decreased  so  that  native  drainage  pro- 
cesses may  remove  the  remaining  unwanted  water  in  a 
timely  manner.  Often,  the  two  approaches  are  used 
concurrently  to  the  extent  required  for  a given 
purpose. 

UNWANTED  WATER 

In  the  settlement  of  the  Puget  Sound  Area,  as 
in  most  newly  developed  areas,  land  was  taken  by 
homesteading  or  by  purchase.  Speculators  platted 
townsites,  sold  lots,  and  moved  on  to  new  places. 
Development  of  the  land  for  changed  use  or  improve- 
ment in  use  was  left  to  the  new  settlers.  Townsites 
usually  were  selected  along  the  waterfronts  of  the 
bays  and  rivers.  Inadequate  knowledge  about  soil  and 
water  conditions,  in  some  cases,  caused  unsuitable 
areas  to  be  developed,  resulting  in  expensive  installa- 
tions to  protect  the  capital  investment. 

Excess  surface  and  internal  soil  water  causes 
property  and  crop  damages  in  the  Puget  Sound  Area 
which  might  be  materially  reduced,  and  in  some 
instances  eliminated,  through  controlled  water 
management  practices.  Surface  water  accumulations 
result  during  periods  of  excess  precipitation,  when 
water  moving  over  the  land  or  precipitation  falling  on 
the  surface  exceed  the  intake  and  permeability  rates 
of  the  soils.  Flooding  by  overbank  streamflow 


2-47 


PHOTO  2-17.  This  stream  was  filled  with  sediment  from  the  erosion  shown  in  Photographs  2-15  and  2-16.  The 
stream  at  this  point  was  18-24  inches  deep  just  a few  weeks  before.  In  this  picture,  the  water  is  about  an  inch 
deep  and  floods  over  the  bank.  Fish,  wildlife,  and  the  general  public  have  suffered  a loss.  (SCS) 


inundates  rapidly  permeable  and  slowly  permeable 
bottom  land  soils  and,  by  saturation,  causes  soil 
drainage  problems  regardless  of  native  permeability 
rates. 

Water  runoff  from  urban  and  rural  nonagricul- 
tural  development  is  accelerated  as  paved  areas, 
rooftops,  and  soil  compaction  limit  the  areas  of  soils 
that  will  permit  the  rapid  infiltration  of  water.  The 
flow  into  stream  channels  thus  tends  to  exceed 
channel  conveyance  capacities,  resulting  in  higher 
flood  levels  than  those  which  occurred  while  the  land 
was  under  forest  and  grass  cover.  Likewise,  low  basins 
within  urban  development  areas  are  subjected  to 
flooding  and  ponding  during  periods  of  excess  pre- 
cipitation. This  results  in  flooded  streets  and  base- 


ments and  other  property  damages.  Saturated  soils  in 
urban  areas  decrease  soil  stability  and  create  a variety 
of  problems. 

Exclusive  of  national  park  and  national  forest 
lands,  2,036,900  acres,  or  43  percent  of  the  Puget 
Sound  Area,  have  conditions  of  excess  water  during 
the  wet  season  which  affect  production  of  food  and 
fiber  or  other  developed  uses  of  the  land.  There  are 

477.500  acres  of  alluvial  lands  subject  to  inundation 
by  overbank  flooding  of  streams,  and  an  additional 

269.500  acres  subject  to  ponding  during  periods  of 
excess  precipitation.  About  1,289,900  acres  are 
sloping  lands  and  upland  soils  with  restrictive 
horizons  subject  to  seeps  in  excavations  and  road  cuts 
because  of  perched  water  conditions.  Additional 
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lands  with  similar  problems  occur  in  the  national 
forests  and  national  parks  but  these  areas  have  not 
been  included  in  a soil  survey. 

Not  all  of  this  land  “needs”  to  be  drained.  Only 
when  the  land  is  required  for  productive  purposes,  or 
for  construction  where  excess  water  interferes  with  a 
beneficial  purpose  or  causes  damage,  is  a need 
established.  Some  land  requires  drainage  now,  and 
additional  amounts  and  degrees  will  be  required  as 
the  demand  for  land  increases.  See  Table  2-12,  Future 
needs  for  watershed  management,  for  estimated 
drainage  needs  by  time  periods. 

Subsurface  Drainage  Conditions 

It  is  important  to  consider  subsurface  drainage 
conditions  by  the  source  of  the  excess  ground  water 
and  the  way  it  moves  into  and  through  the  problem 
area.  Identifying  subsurface  conditions  is  necessary 
for  the  treatment  of  the  more  complex  drainage 
problems  because  it  also  indicates  the  kind  of 
drainage  system  needed.  Reconnaissance  and  prelim- 
inary surveys  are  carried  out  to  obtain  the  needed 
information  on  ground  water  occurrence  and  other 
site  conditions. 

In  valley  bottoms  and  on  wide  benchlands  the 
free  ground  water  saturates  the  sediments  down  to 
the  first  impervious  barrier.  Typically,  the  water  table 
slopes  gently  down  the  valley.  This  large,  very 
slow-moving  body  of  ground  water  is  fed  by  surface 
streams  or  other  waters  percolating  into  watershed 
lands,  and  by  infiltrating  rainfall,  irrigation  losses,  or 
surface  runoff  on  the  valley  floor  itself.  Eventually, 
the  ground  water  discharges  through  seepage  at 


streambanks  or  at  the  ground  surface  in  low  areas,  or 
it  escapes  through  aquifers  at  the  lower  end  of  the 
valley  or  benchland.  The  height  of  the  water  table 
fluctuates  with  the  seasonal  variations  of  the  ground 
water  increment.  The  general  slope  of  the  water  table 
varies  only  slightly  in  response  to  these  changes  in 
inflow. 

Relief  drains  are  sometimes  installed  to  lower 
the  water  table  in  such  areas  unless  soil  permeability 
is  too  slow,  the  ground  water  slope  too  nearly  level, 
or  the  pervious  sediments  too  deep  for  efficient 
interception.  Interception  drains  are  sometimes  useful 
at  the  margins  of  soil  bodies  where  the  soil  perme- 
ability or  depth  to  an  impervious  barrier  changes,  or 
in  areas  where  ground  water  slope  changes  rapidly. 
Pumps  may  be  required  to  discharge  drainage  water 
from  areas  of  low  elevation,  and  dikes  or  other 
protective  measures  may  be  required  to  protect 
localized  areas  from  waters  originating  outside  the 
improved  zone. 

Table  2-7  shows  typical  physical  properties  of 

soils. 

In  many  medium-textured  soils,  the  pore  spaces 
total  about  40  percent  of  the  total  volume.  About  25 
percent  of  the  total  volume  is  capillary  water  and  the 
remaining  15  percent  is  air  or  water.  In  such  a soil, 
gravitational  water  would  be  1 5 percent  by  volume  if 
the  soil  were  saturated.  Other  soils  vary  from  over  20 
percent  to  5 percent  or  less  in  volume  of  gravitational 
water  at  saturation.  Gravels  will  hold  even  more 
gravitational  water,  depending  upon  the  size  and 
gradation  of  the  gravel. 


TABLE  2-1.  Typical  physical  drainage  pro  parties  of  toil  textures1 


Soil  Type 

Dry  Weight 
of  Soil 

Porosity 

Inches  of  Water 
in  1 Foot  of 
Saturated  Soil 

Maximum  F Md  Capacity  Equals 
Maximum  Capillary  Capacity 

Gravitational  Water 
Per  Foot  of  Depth 

Lbs.  Per 
cu.  ft. 

Percent 

Percent 

Volume 

Percent 

Weight 

ln./Ft. 
of  Depth 

Inches  Removable 
by  Drainage 

Sand 

106 

30.6 

3.7 

8.23 

4.9 

1.0 

2.7 

Sandy  loam 

100 

34.0 

4.1 

17.00 

10.6 

2.0 

2.1 

Sandy  loam 

96 

37.6 

4.6 

24.13 

16.9 

2.9 

1.6 

Sandy  silt  loam 

90 

41.0 

4.9 

30.60 

21.2 

3.7 

1.2 

Silt  loam 

86 

44.6 

6.4 

38.42 

26.8 

4.4 

1.0 

Silt  loam 

80 

48.0 

6.8 

41.80 

32.7 

6.0 

0.8 

Clay  loam 

76 

61.6 

6.2 

46.13 

38.6 

6.8 

0.7 

Clay 

70 

66.0 

8.6 

60.00 

44.6 

8.0 

0.6 

1 After  Pickles,  Drainage  and  Flood  Control  Engineering,  McGrow  Hill.  1941. 
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Internal  Drainage  Systems  and  the  Release  of 
Gravitational  Water 

Drainage  systems  provide  a new  or  improved 
release  for  the  water  stored  as  gravitational  water  in 
the  soil.  The  volume  of  this  gravitational  water  in  a 
saturated  soil  that  is  removable  by  drainage  varies 
from  something  over  one-half  inch  per  foot  of  soil  in 
clay  to  in  excess  of  two  and  one-half  inches  per  foot 
of  depth  in  a sandy  soil.  Table  2-7  ‘Typical  Physical 
Properties  of  Soil  Textures"  indicates  the  amount  of 
gravitational  water  available  per  foot  of  depth  for  the 
various  types  of  soil  from  sand  to  clay. 

Gravitational  water  normally  is  not  used  by 
vegetation  but  is  released  slowly  and  to  a large  extent 
forms  the  base  flow  of  streams  or  percolates  to  the 
groundwater  regimen.  Gravitational  water  and 
ponded  surface  water  are  released  more  rapidly  when 
subsurface  drainage  systems  are  installed. 

The  pore  volume  in  the  soil  released  by  the 
removal  of  drainage  water  is  available  for  the  tempor- 
ary storage  of  rainfall  from  future  storms.  An 
example  of  this  available  storage  would  be  saturated 
silt  loam  soil  which  might  contain  one  inch  of  water 
per  foot  of  depth  (Table  2-7).  Assuming  subsurface 
drainage  effective  to  six  feet  in  depth  is  installed, 
then  there  are  six  inches  of  removable  water  in  the 
soil  profile.  A square  mile  of  wet  land  containing  silt 
loam  soils  to  a depth  of  six  feet  would  contain  a 
reservoir  of  320  acre-feet  of  water,  which  would  be 
removed  by  the  drainage  system.  The  land  would  thus 
be  returned  to  a condition  to  receive  and  temporarily 
store  more  precipitation. 

Most  drainage  systems  installed  or  proposed  in 
the  Puget  Sound  Area  are  beneficial  for  flood  control 
and  stream  regulation  because  most  outflows  of 
drainage  improvements  are  relatively  slow  or  com- 
pletely blocked  at  higher  flows  of  the  principal 
streams.  This  is  especially  true  when  the  outlet  is 
controlled  by  a tide  or  floodgate  structure.  Pump 
outlets  will  occasionally  add  to  flood  peaks  but  it  is 
rare  that  pump  outlets  are  of  sufficient  capacity  to 
materially  affect  the  peak  flow  of  a stream.  Flood 
storage  provided  within  the  soil  profile  and  by 
drainage  of  low-lying  areas  frequently  provides  con- 
siderable benefit  in  reducing  peak  flows  from  a 
watershed. 

The  quality  of  subsurface  drainage  water  is 
generally  good  to  excellent.  A minimum  amount  of 
erosion  is  caused  by  these  relatively  slow  flows  and 
seldom  is  there  contamination  by  sediment.  Outflows 
from  subsurface  drainage  fields  have  been  filtered 


through  several  feet  of  soil  and  most  impurities  have 
been  filtered  out.  Occasional  areas  containing  peat 
soils  may  cause  a slight  discoloration  but  the  water  is 
generally  of  good  quality  for  most  purposes. 

The  location  of  the  outlet  of  a drainage  system 
determines  if  the  water  collected  by  drainage  can  be 
used  beneficially.  Many  outlets  in  the  Puget  Sound 
Area  discharge  directly  into  the  Sound  or  estuarial 
zones.  A majority  of  the  drainage  systems  are  in  the 
lower  reaches;  some  are  in  the  middle  reaches  of  the 
rivers;  while  relatively  few  are  in  the  higher  elevations 
of  the  watersheds.  The  usefulness  of  the  drainage 
outflow  for  other  purposes  depends  on  local  condi- 
tions. 

There  is  no  shortcut  method  for  solving  all 
drainage  problems.  Some  situations  and  locations 
have  obvious  tested  solutions.  In  many  cases,  how- 
ever, the  complexities  of  topography,  soils,  hydraulic 
gradients,  and  water  sources  combine  to  create 
unique  conditions  that  must  be  investigated  in  detail. 
Several  drainage  factors  deserve  special  mention.  The 
investigation  of  each  factor  will  normally  include 
reconnaissance,  preliminary  and  evaluation  stages,  in 
order  to  rapidly  and  economically  eliminate  possible 
alternatives  and  converge  on  the  most  advantageous 
solution. 

Surface  Investigations  will  generally  define 
surface  slopes,  extent  of  problem  area,  and  location 
of  potential  outlets.  This  investigation  will  also 
evaluate  flood  hazard  and  other  watershed  hazards 
which  may  materially  affect  the  behavior  of  surface 
and  subsurface  water  and  sediment  movement.  The 
objectives  of  drainage,  and  the  degree  of  drainage 
required  should  be  fully  considered  during  this  part 
of  the  work. 

Ground  Water  Investigations  are  generally  con- 
ducted by  the  temporary  installation  of  observation 
wells  to  determine  the  free  ground  water  table,  and 
piezometers  to  register  the  hydrostatic  pressure  at 
various  depths.  These  observations  are  used  to  deter- 
mine the  extent  and  pattern  of  the  problem,  and  are 
used  in  conjunction  with  surface  observation  of 
vegetation  to  provide  data  on  the  position  and 
fluctuation  of  the  ground  water  table.  The  source  of 
the  water  to  be  removed  is  of  considerable  impor- 
tance in  determining  remedial  measures.  These  waters 
may,  in  some  cases,  be  derived  mainly  by  precipita- 
tion on  the  area  to  be  treated;  in  other  instances, 
because  of  soil  character  or  topography,  water  may 
be  imported  from  outside  the  site  by  surface  flow  or 
seepage,  and  in  some  cases  through  artesian  pressure. 


Soil  Investigations  are  required  to  determine 
the  location,  extent,  relationship,  and  physical  char- 
acteristics of  the  various  underlying  horizons.  It  is 
necessary  to  determine  the  thickness  of  the  various 
strata,  their  hydraulic  conductivity,  and  whether  they 
are  continuous,  independent,  or  overlapping.  The  soil 
investigation,  correlated  with  the  ground  water  invest- 
igation. should  define  the  source,  movement,  and 
storage  of  water  in  the  soil  in  quantitative  terms.  The 
amount  of  detail  varies  with  the  site  and  with  various 
objectives  hut  should  be  competent  to  indicate 
underground  soil  changes.  Soil  changes  typical  of  the 
Area  include  clay  harriers  that  are  relatively  common 
in  old  lake  areas  and  act  as  underground  dams  to 
cause  a build-up  of  saturated  soil:  breaks  in  grade  in 
conjunction  with  a soil  change  commonly  occur  in 
benched  areas  and  sometimes  cause  hydrostatic 
pressure.  Similarly,  soil  relations  caused  by  old 
filled-in  and  meandering  stream  channels,  as  well  as 
situations  derived  from  buried  alluvial  fans,  create 
highly  permeable,  wedge-shaped  strata  that  may  be 
covered  by  heavier  soils.  Once  the  subsurface  condi- 
tion is  known,  and  the  source  and  movement  of  soil 
water  discovered,  the  drains  can  be  located  with 
effectiveness. 

The  conditions  found  by  investigation  deter- 
mine whether  subsurface  intercepting  drains,  random 
lines  to  concentrated  seepage  areas,  mole  drains, 
pattern  drains  to  depress  water  table  conditions,  or 
relief  drains  to  dissipate  artesian  or  hydrostatic 
effects  are  necessary.  The  investigations  will  also 
determine  the  depth  at  which  the  drains  must  be 
placed  to  be  effective. 

Collection  and  Conveyance  of  Drainage  Water 

The  configuration,  depth,  and  capacity  of  the 
system  for  extracting  unwanted  water  from  the  soil, 
as  well  as  economic  factors  and  objectives  of  the 
improvement,  often  dictate  whether  open  canal-type 
drains  or  covered  underground  conduits  are  indicated. 
The  two  types  of  collecting  systems  are  not  entirely 
interchangeable  despite  usual  economic  criteria. 

Surface  Channels  may  be  shallow-from  two 
to  five  feet  deep-to  serve  in  collecting  and  trans- 
porting accumulations  of  ponded  water,  water 
derived  mainly  from  local  precipitation,  or  water 
under  conditions  where  soil  characteristics  or  other 
factors  cause  subsurface  drains  to  be  ineffective.  Such 
drains  are  also  used  where  the  volume  of  flow 
precludes  the  use  of  pipe.  Deep  channels  may  be  5-20 
feet  or  more  in  depth  and  serve  often  as  main  outlet 


channels  for  the  drainage  system,  outlets  for  tile  or 
surface  collecting  drains,  and  temporary  storage  for 
the  collected  drainage  flow. 

A special  case  of  shallow  channels  for  collection 
of  water  may  be  the  use  of  graded  hillside  terraces 
and  outlet  systems  to  collect  water  from  long  sleep 
slopes,  and  to  convey  the  collected  water  supply  to 
lower  areas:  or.  in  some  cases,  to  dissipate  the  water 
by  spreading  it  in  areas  of  high  soil  permeability  for 
ground  water  recharge.  Terrace-type  collecting 
systems  are  not  widely  used  in  the  Area  at  the  present 
time  but  may  prove  useful  as  intei. mediate  slopes  are 
cleared  of  timber  and  used  for  cropland  or  housing. 
In  the  case  of  housing  developments,  the  terraces  in 
some  cases  may  he  paved  and  used  for  driveways  and 
streets,  thus  accommodating  two  purposes 

Covered  Drains  arc  often  of  concrete  or  clay 
tile  and  sometimes  of  perforated  plastic  or  composi- 
tion materials,  or  galvanized  metal.  The  material  used 
should  be  compatible  with  the  service  required,  and 
selected  after  consideration  of  any  corrosive  character 
of  the  soil  (see  Exhibit  I , Table  14).  The  depth  of  the 
drain  is  related  to  the  outlet  condition,  topography, 
and  the  position  of  the  water-bearing  strata.  Drain 
lines  should  be  laid  on  an  accurate  grade,  adequately 
supported,  protected  from  excessive  surface  loads, 
and  installed  with  consideration  for  ease  of  mainten- 
ance and  repair.  Water  must  enter  such  drains  through 
openings  provided  in  the  drain  line,  either  at  joints 
between  short  tiles  or  through  perforations  in  contin- 
uous pipe.  In  most  soils  it  is  necessary  to  surround 
the  drain  with  a filter  or  envelope  of  pervious 
granular  material  graded  to  allow  water  to  enter  the 
tile  but  prevent  erosion  of  the  base  soil  and  damage 
to  the  installation.  The  graded  filter  should  be 
designed  on  the  basis  of  a sieve  analysis  of  the  soil  in 
which  the  drain  is  placed  and  be  of  adequate 
thickness  to  provide  effective  protection  against 
erosion  of  the  soil  throughout  the  economic  life  of 
the  drain. 

Outlets  for  Drainage- typically  consist  of  a 
reach  of  pipe  or  canal  terminating  at  the  actual  point 
of  discharge.  While  such  conduits  may  sometimes  be 
underground  pipe,  the  quantities  of  water  to  be 
conveyed  under  peak  service  conditions  usually 
exceed  the  economic  capacity  of  the  pipe.  Discharge 
is  usually  into  natural  streams  or  into  tidal  areas  of 
Puget  Sound. 

The  nature  of  such  outlet  channels  often 
requires  that  they  cross  portions  ot  the  natural  flood 
plain  of  streams  where  the  fine  alluvial  soils  typically 
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present  may  require  careful  construction  procedures 
and  protective  measures  for  stability.  In  addition, 
such  channels  often  require  protection  from  flooding 
and  sediment  damage  caused  by  natural  streamflow. 

Where  elevation  and  topography  permit,  dis- 
charge into  the  stream  may  be  by  gravity.  Many 
locations,  however,  must  depend  on  pumping  dis- 
charge, either  entirely,  or  at  times  under  some 
conditions  of  operation.  Where  discharge  is  by 
gravity,  the  structure  usually  is  provided  with  a 
floodgate  to  prevent  reverse  flow  of  water  into  the 
channel  from  stream  freshets  or  tidal  variations. 

Pumps  for  drainage  discharge  are,  typically, 
large-capacity,  low-head  pumps  powered  by  electric 
motors  or  internal  conbustion  engines.  Because  of  the 
wide  range  of  flows  to  be  discharged,  such  pumping 
plants  usually  will  consist  of  several  pumps  arranged 
so  that  discharge  can  be  adjusted  to  the  flow.  Special 
attention  to  design  features  contributing  to  reliability 
of  operation  under  varied  conditions  is  desirable. 

AGRICULTURAL  DRAINAGE 

It  is  well  recognized  that  plants  need  both  air 
and  moisture  in  their  root  zones.  Water  in  the  soil  in 
excess  of  field  capacity  restricts  aeration  of  the  soil 
and  inhibits  plant  growth.  Where  conditions  of 
topography,  ground  water  table,  or  impermeable 
subsoil  inhibit  the  natural  movement  of  gravitational 
water  from  the  root  zone,  artificial  subsurface  drain- 
age is  an  essential  practice  if  a high  level  of 
productivity  is  to  be  developed  and  maintained. 
Ponded  water  can  be  removed  from  the  surface  to 
reduce  the  amount  of  water  entering  the  soil  but  only 
natural  or  artificial  subsurface  drainage  can  lower  a 
water  table  to  provide  an  aerated  root  zone. 

Many  drainage  systems  have  been  and  currently 
are  being  installed  for  agricultural  water  management. 
The  better  agricultural  lands  in  the  Puget  Sound  Area 
are  located  along  alluvial  valleys  and  in  other  loca- 
tions subject  to  prolonged  conditions  of  flooding  and 
seepage.  Drainage  improvements  consist  of  water 
collection  systems  and  outlets  to  suitable  public 
waters  by  gravity  flow  or  by  pumping  where  required. 

Drainage  of  croplands  is  the  removal  of  excess 
surface  water  and  excess  soil  water  to  permit  cultiva- 
tion and  efficient  harvest  operations,  improve  crop 
quality,  and  increase  yields.  Many  acres  of  cropland 
in  the  Area  have  been  and  are  being  improved  by  the 
installation  of  some  degree  of  drainage.  Acreages  with 
fully  effective  drainage  to  achieve  optimum  condi- 


tions for  crop  growth  are  found  in  some  of  the  more 
developed  areas  but  the  percentage  of  lands  with  fully 
adequate  drainage  is  relatively  small.  There  is  no 
readily  available  method  for  estimating  the  number  of 
drainage  systems  installed  or  the  number  of  acres 
drained  during  previous  years  in  the  Area,  as  no 
records  were  kept  for  early  efforts.  Much  of  the 
effort  at  present  is  directed  toward  intensification 
and  improvement  of  efficiency  of  drainage  on  acre- 
ages previously  partly  improved. 

Agricultural  drainage  is  primarily  installed  by 
individual  landowners  who  are  induced  to  make  the 
investment  in  anticipation  of  future  increased 
financial  returns  from  the  land.  Drainage  is  one  of 
several  alternative  improvements  or  measures  capable 
of  providing  increased  production,  either  alone  or  in 
combination  with  other  improvements.  The  agricul- 
tural benefits  from  drainage  depend  on  the  crop  or 
crops  being  raised  and  upon  the  quality  and  state  of 
other  management  on  the  land.  The  nature  of 
drainage  benefits  to  agriculture  is  discussed  in  Appen- 
dix V,  Water-Related  Land  Resources,  in  Chapter  2, 
Agriculture.  For  the  usual  Puget  Sound  conditions, 
agricultural  drainage  will  provide  an  average  net 
benefit  of  $16.10  per  acre,  exclusive  of  outlet  costs 
that  vary  widely  with  local  conditions.  (See  Exhibit  6 
in  Appendix  V,  Chapter  2,  Agriculture). 

Measures  to  provide  additional  drainage  of 
cropland  are  being  installed  annually  and  are 
expected  to  keep  pace  with  demands  for  farm 
production.  New  cropland  is  not  expected  to  be 
brought  into  production  through  installation  of  drain- 
age; only  presently  used  cropland  is  expected  to  be 
improved.  Much  of  the  large  amount  of  drainage 


PHOTO  2-18.  A good  drainage  system  adds  to  the 
efficiency  and  productivity  of  cropland.  (SCSI 
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expected  to  be  installed  in  future  years  is  for 
improvement  of  partially  drained  lands,  and  for 
extending  drainage  in  areas  where  difficult  outlet 
conditions,  hazards  of  flooding,  or  low  levels  of 
management  have  prevented  previous  full  improve- 
ment. This  is  based  in  part  on  an  assumption  that 
increasing  demand  for  farm  products  derived  from  a 
diminishing  area  devoted  to  farming  will  induce 
improvements  in  management  and  innovations  in 
technology  that  will  cause  average  unit  production  in 
2020  to  at  least  equal  the  unit  production  now 
experienced  by  the  highest  decile  of  producers  in  the 
Area. 

Many  areas  needing  drainage  also  require  flood 
prevention  measures  to  make  drainage  fully  effective, 
or  to  make  added  investments  in  farm  production 
measures  more  secure.  Often,  wet  areas  are  located 
where  outlet  conditions  are  difficult  or  require  group 
action.  Such  locations  require  agreement  among 
landowners  for  community  drainage  outlets  and  often 
present  troublesome  and  expensive  rights-of-way 
problems. 

About  540,100  acres  of  the  591 ,500  acres 
presently  in  cropland  have  a wetness  problem  that 
limits  production  to  some  degree. 

NONAGRICULTURAL  DRAINAGE 

Drainage  and  water  control  measures  are  used 
to  stabilize  soils  for  streets,  highways,  and  low 
buildings.  Streets  and  highways  built  on  flood  plains 
or  terrace  and  upland  basins  subject  to  flooding  by 
ponding  during  periods  of  excess  precipitation, 
require  fills  above  flood  levels.  Terrace  and  upland 
soils  which  are  underlain  by  restrictive  soil  layers 
require  water  control  measures  in  critical  seep  areas. 

Industrial  and  urban  building  foundations 
require  water  control  measures  to  stabilize  soils  which 
have  moderate  to  high  shrink -swell  potentials,  or  to 
stabilize  laminated  soils,  such  as  the  Kitsap  series, 
against  severe  slide  potentials  on  sloping  areas.  These 
specialized  applications  of  drainage  improvements 
should  be  designed  by  experienced  engineers  after 
specific  site  investigations. 

Drainage  principles  are  applicable  to  many 
nonagricultural  uses.  Several  aspects  of  such  drainage 
are  considered  here:  (1)  drainage  for  municipal  and 
industrial  developments;  (2)  drainage  for  transporta- 
tion systems;  (3)  drainage  of  recreational  areas  and 
for  vector  control;  and  (4)  water  quality  improve- 
ment through  drainage. 


PHOTO  2-19.  Soil  slump  on  Kitsap-like  soils  two 
miles  southwest  of  Renton  in  King  County.  Note 
vertical  shear  characteristic  of  slumping.  (SCSI 


Drainage  for  Municipal  and  Industrial  Devel- 
opments 

Each  municipal  or  urban  area  has  several  basic 
drainage  problems  which  vary  in  complexity  with  the 
size  and  location  of  the  community.  Provision  must 
be  made  for  the  collection  and  disposal  of  municipal 
and  industrial  wastes  on  a day-to-day  basis,  while  at 
the  same  time  providing  for  the  storm  occasions 
which  may  overtax  disposal  and  drainage  facilities. 

Sanitary  sewage  disposal  systems  collect, 
convey,  and  treat  waste  materials  before  discharge. 
The  character  and  volume  of  sewage  flow  depends  on 
whether  the  area  served  is  residential,  industrial,  or 
mixed.  The  volume  can  be  estimated  from  the 
number  of  inhabitants  or  from  consideration  of 
service  connections.  The  chief  distinguishing  feature 
is  the  treatment  requirement  before  disposal  of 
effluent.  Sanitary  and  industrial  sewerage  disposal  is 
considered  mainly  in  Appendix  XIII,  Water  Quality 
Control,  although  the  use  of  soil  as  a septic  tank  filter 
area  is  considered  in  the  following  pages. 

Storm  sewer  drainage  systems  usually  consist  of 
relatively  small  collecting  conduits  and  larger  trunk 
lines  to  collect  and  dispose  of  accumulations  of  storm 
and  other  drainage  waters.  The  water  frequently 
enters  conduits  through  gratings  set  in  street  curbs 
and  from  individual  connections.  Some  municipalities 
collect  and  dispose  of  storm  runoff  through  sanitary 
sewers.  Where  this  is  done,  heavy  storm  runoff 
increases  the  cost  of  treatment  and  overloads  treat- 
ment plants  causing  discharge  of  untreated  effluent. 
Often  the  sanitary  conveyance  system  is  overloaded 
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during  storms,  causing  a backup  of  sewage  in  unlikely 
locations,  with  considerable  damage  to  property  as 
well  as  hazard  to  the  public  health. 

The  typical  pipe  conduit  storm  sewer  system 
cannot  usually  be  economically  constructed  with 
sufficient  capacity  to  carry  the  water  from  large 
storms.  Furthermore,  the  usual  pipe  system  is  subject 
to  becoming  inoperative  because  of  accumulations  of 
trash  at  curb  inlet  gratings  during  heavy  flows. 
However,  these  systems  perform  service  in  collecting 
runoff  from  storms  of  frequent  occuirence.  In  this 
way,  they  prevent  ponding  on  streets,  contribute  to 
vehicle  and  pedestrian  safety,  and  convenience,  and 
eliminate  considerable  damage  to  property.  Some 
years  ago  such  systems  were  typically  constructed  on 
the  basis  of  storm  recurrence  frequencies  of  two-to- 
five  years.  The  present  trend  is  to  design  for  the 
10-25  year,  or  even  less  frequent,  storm  occurrence. 
The  design  should  be  judged  on  the  basis  of  the  local 
situation;  however,  this  more  liberal  design  frequently 
has  the  effect  of  considerably  increasing  installation 
costs  without  greatly  decreasing  the  tendency  toward 
blockage  of  intake  openings  at  critical  times.  There  is 
considerable  justification  for  believing  that  in  many 
instances  the  increased  cost  of  the  larger  conduit  may 
not  be  economically  justified  by  the  incremental 
benefits  secured.  The  most  serious  aspect,  however,  is 
that  the  more  elaborate  pipe  system  may  lull  the 
public  into  neglecting  the  emergency  facilities 
required  for  the  large,  infrequent  storms. 

Drainage  Following  Large  Storms-Regardless 
of  the  construction  of  the  facilities  described  above,  a 
storm  occasion  will  occur  at  infrequent  intervals 
when  the  storm  sewer  systems  are  inoperable  or 
inadequate  to  handle  the  runoff.  The  path  that  excess 
water  follows  under  such  conditions  is  often  disre- 
garded in  planning  urban  drainage.  Developers  locate 
expensive  and  vulnerable  improvements  in  such  a way 
as  to  encroach  into  the  flood  path.  Failure  to 
recognize  the  importance  of  providing  for  the  convey- 
ance and  disposal  of  water  from  (he  larger  storm 
results  in  significant  floodwaicr  damage.  The  larger, 
or  emergency,  water  disposal  system  should  be  a 
planned  part  of  each  development  and  should  take 
advantage  of  low  swales  or  other  topographic  detail 
to  provide  an  adequate  and  unobstructed  open 
channel.  Often  the  emergency  channel  can  be  main- 
tained in  lawns  or  playgrounds  and  made  a part  of 
esthetically  desirable  open  space,  or,  alternatively,  it 
may  be  possible  to  provide  adequate  capacity  in 


natural  stream  channels.  In  other  cases,  capacity  can 
be  provided  in  carefully  graded  street  and  curb 
reaches. 

Collection  and  Conveyance  of  Urban  Flows  - 

Some  municipalities  seem  to  provide  facilities  for 
collecting  and  conveying  flood  and  drainage  waters 
within  their  boundaries  but  release  the  flow  as  rapidly 
as  possible  into  rural  drainage  facilities,  roadside 
ditches,  jnd  streams.  The  outlying  portions  of  these 
facilities  are  often  inadequate,  unless  specifically 
planned,  constructed,  and  maintained  to  accommo- 
date the  high  peak  flows  from  developed  areas. 
Difficulties  are  usually  the  result  of  inadequate 
foresight  in  planning  and  constructing  comprehensive 
facilities  for  long-range  utility.  The  properly  planned 
system  collects  the  water  near  the  source  of  origin, 
and  conveys  the  water  safely  and  economically  to  a 
point  where  it  is  discharged  into  public  waters 
without  undue  pollution  or  other  ill  effects.  The 
hindrances  10  such  comprehensive  planning  fre- 
quently arc  'ra^menled  government  responsibility, 
lack  of  finances,  and  lack  of  public  understanding  of 
the  problem.  Such  planning  must  go  far  beyond  the 
simple  design  oi  a conduit  to  convey  the  flow  because 
it  includes  the  prior  comprehensive  planning  of  street 
drainage  systems  and  may  require  ordinances  for 
zoning  and  construction  as  well  as  projection  of  the 
needs  of  the  system  for  manv  years  into  the  future. 
Many  of  these  costs  are  difficult  for  the  general 
public  to  accept.  In  a new  community,  many  of  the 
large  costs  occur  while  the  population  is  small,  thus 
adding  to  the  burden. 

Land  fill  at  times  adds  to  drainage  problems.  \ 
common  procedure  for  an  owner  developing  property- 
in  low  areas  is  to  haul  land  fill  onto  his  property,  thus 
raising  the  ground  level  to  avoid  ponding  against  his 
buildings.  The  result  of  this  practice  is  to  force  excess 
water  onto  adjacent  property,  transferring  a part  of 
the  cost,  and  beginning  a source  of  wasteful  and 
unplanned  competition  for  temporary  protection 
without  solving  the  basic  problem.  Uncontrolled 
urban  developments  tend  to  sprawl  over  wide  areas, 
thus  wasting  land  resources  and  creating  many  drain- 
age problems.  Many  such  developments  are  un- 
planned and  usually  under-financed.  Often  communi- 
ties enter  into  competition  to  obtain  industries  that 
will,  hopefully,  bear  part  of  the  cost  of  the  deve'op- 
ment  and  concessions  sometimes  may  be  offered  to 
potential  industrial  developers  that  are  unwise  or 
unwarranted. 

Urban  and  industrial  developments  sometimes 
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lorm  within  diking  districts,  drainage  districts,  and 
similar  entities  originally  created  to  provide  farm  land 
drainage  and  taxed  for  this  purpose.  Urban  and 
industrial  developments  create  a need  far  beyond  that 
contemplated  or  financed  at  the  time  the  district  was 
formed.  The  urban  developments  contain  relatively 
high  damageable  values  and  need  a greater  degree  of 
protection  against  ephemeral  waters.  At  the  same 
time,  concentrations  of  urban  and  industrial  wastes 
and  storm  waters  overload  existing  drains,  thereby 
aggravating  drainage  problems  over  considerable  areas 
where  urban  developments  contribute  little  or  no 
financial  assistance  to  the  district.  In  other  areas, 
storm  drainage  and  pollutants  flow  beyond  urban 
boundaries,  mingle  with  drainage  flows  from  lands 
outside  organized  districts,  and  flow  into  districts 
which  must  handle  greater  volumes  than  originally 
conceived. 

The  studies  and  the  corrections  must  be 
dynamic  enough  so  that  they  can  follow  trends  of 
population  concentration  and  changes  in  land  use. 
They  should  be  well  enough  supported  and  financed 
so  that  long-range  planning  and  guidelines  can  be 
established  to  provide  methods  for  securing  the 
necessary  rights-of-way,  for  installing  the  means  of 
conveying  the  water,  and  for  any  effluent  treatment 
required.  They  should  have  the  means  to  evaluate  the 
feasibility  and  the  desirability  of  future  projects  from 
the  standpoint  of  the  public  interest. 

Financing  must  be  provided.  Sponsors  must 
provide  for  the  extended  and  long-range  comprehen- 
sive planning  required  for  adequate  drainage.  Under 
Public  Law  566,  agreements  as  to  responsibility  and 
financing  are  usually  contained  in  work  plan  agree- 
ments. 

Soil  as  a Disposal  Area -Many  suburban  areas 
and  small  municipalities  depend  on  septic  tanks  and 
soil  absorption  for  disposal  of  wastes.  It  is  estimated 
by  Bendixen*  that  25  percent  of  the  nation’s 
population  depends  on  sanitary  waste  disposal 
through  soil  absorption.  This  large  percentage  stems 
mainly  from  post-war  building  trends  that  resulted  in 
suburban  subdivision  development  beyond  sewage 
disposal  facilities  of  the  cities.  The  percentage  in  the 
Puget  Sound  Area  is  estimated  to  approximate  the 
national  average. 

Many  septic  tanks  do  not  operate  satisfactorily. 
McGaughey  and  Winneberger2  report  that  as  many  as 
one-third  of  the  septic  tanks  in  a single  subdivision 
may  fail  during  the  first  three  or  four  years  of  use. 
Disposal  system  failures  represent  a large  economic 


loss  and  constitute  a threat  to  public  health.  Septic 
tank  systems  are  not  considered  generally  suitable  as 
a permanent  means  of  sewage  disposal  for  residential 
or  commercial  areas  or  areas  having  difficult  soil 
problems. 

The  septic  tank  ordinarily  is  a watertight  tank, 
usually  buried  in  the  ground,  with  an  inlet  and  outlet. 
The  function  of  the  tank  is  to  receive  and  retain 
wastes  for  digestion  so  that  the  resulting  effluent  may 
be  percolated  into  the  soil  more  readily.  Effluent 
from  the  tank  is  discharged  into  the  soil,  usually  by  a 
percolation  field.  Biological  decomposition  of  solids 
under  septic  (anaerobic)  conditions  takes  place  in  the 
tank.  The  main  function  of  the  septic  decomposition 
is  to  liquify  the  wastes.  Filtration  is  performed 
outside  the  tank  as  effluent  is  percolated  into  the  soil. 
Effluent  from  the  tank,  ideally,  is  distributed  evenly 
over  a percolation  field  where  it  is  further  acted  upon 
by  micro-organisms  under  aerobic  conditions  and 
percolated  into  the  soil. 

The  function  of  the  system  is  disrupted  if  any 
one  of  these  operations  fails  to  take  place  efficiently. 
Failure  may  be  due  to  poor  design  or  construction, 
inadequate  capacity  of  the  tank  or  percolation  field, 
or  the  failure  to  fully  consider  soil  characteristics  in 
the  selection  or  design  of  the  percolation  field. 
Failure  of  a system  is  usually  progressive  and  a 
malfunction,  once  it  begins,  may  lead  to  a complete 
operational  breakdown. 

If  a septic  tank  is  of  inadequate  size,  is  not 
operating  properly  for  any  reason,  or  is  not  main- 
tained, digestion  will  not  be  completed  and  sludge 
will  be  discharged  into  the  percolation  field.  Sludge 
may  rapidly  clog  a filter  bed.  Septic  tank  sludge  must 
be  removed  from  the  tank  periodically,  perhaps  every 
three  to  five  years,  depending  on  the  use  and  size  of 
the  tank. 

Poor  installation  of  the  distribution  system  may 
overload  part,  and  inadequately  utilize  the  remainder 
of  the  percolation  field,  resulting  in  poor  operation. 
Improper  operation  also  results  if  the  infiltration  area 
is  too  small,  or  if  the  water  table  is  too  high.  Where 
the  effluent  is  not  absorbed  rapidly  enough,  it  will 
back  up  in  drains  or  rise  to  the  surface  of  the  ground 

1 Bendixen,  T.W.,  Field  Percolation  Test*  tor  Sanitary 
Engineering  Application,  Tech.  Publ.  322,  American  Society 
for  Testing  Materials.  Philadelphia,  Pa.  1962. 

2 McGaughey  and  Winneberger,  Summary  Report  on  Causes 
and  Prevention  of  Failure  of  Septic  Tank  Percolation 
Systems.  1963. 
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over  the  infiltration  area.  If  the  effluent  drains 
through  the  soil  too  rapidly,  it  may  contaminate 
nearby  wells  and  surface  water  supplies.  Many  failures 
are  the  result  of  soil  factors,  i.e.,  the  failure  to  fully 
consider  soil  characteristics  in  the  disposal  field 
design. 

Consideration  of  soil  factors  usually  is  based  on 
an  estimate  of  soil  permeability.  Estimates  of  perme- 
ability may  begin  with  spot  tests  for  permeability  or 
by  inspection.  These  tests  often  lead  to  errors,  either 
because  the  tests  are  improperly  made  or,  more  often, 
because  the  permeability  of  the  soil  bed  for  effluent 
may  change  with  time  under  conditions  of  use. 

Cain  and  Beatty1  point  out  the  usefulness  of 
isolated  percolation  tests  is  limited  in  situations 
where  there  may  be  a fluctuating  water  table,  or 
where  ground  is  frozen  or  abnormally  dry  at  the  time 
of  the  test.  Tests  are  of  little  value  if  improperly 
made  or  where  the  ground  is  subsequently  disturbed 
during  construction.  Many  factors  affect  the  clogging 
of  the  soil  other  than  its  initial  permeability.  Soil 
clogging  is  caused  in  part  by  suspended  solids  or 
colloidal  material  in  the  effluent.  Serious  considera- 
tion should  be  given  to  all  design  features  that  will 
reduce  the  discharge  of  solids  with  «he  effluent.  Good 
design  of  the  system,  careful  construction,  and 
systematic  maintenance  are  very  important  factors  in 
successful  operation. 

Soil  permeability  depends  on  several  factors  of 
which  structure  is  the  most  important  single  char- 
acteristic. O’Neal2  shows  that  the  relationship  of 
principal  axes  of  aggregates,  the  presence  of  fractures, 
form  of  aggregation,  presence  of  pores,  and  the 
appearance  of  mottling  are  important  considerations 
in  addition  to  soil  texture.  Changes  in  permeability, 
therefore,  may  result  from  mechanical  disturbances 
of  the  soil  during  construction,  clogging  of  the  soil 
Mtersticei.  or  breakdown  of  the  soil  aggregation  by 
chemical  or  biological  means. 
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clogging  once  starts,  it  may  be  self-perpetuating  since 
the  changes  begun  may  assist  in  maintaining  the 
anaerobic  condition.  The  presence  of  a high  or 
fluctuating  water  table,  also,  can  contribute  greatly  to 
clogging  conditions  for  the  same  reason.  The  best  soil 
for  filtering  is  one  that  will  accept  the  effluent  at  a 
reasonably  rapid  rate;  one  that  can  maintain  aerobic 
conditions  during  the  infiltration  process;  and  one 
that  has  ample  absorption  surface.  The  permeability 
characteristics  under  conditions  of  use  should  allow 
adequate  time  for  microbial  decomposition. 

Water  Quality  Improvement  Through 
Drainage 

Giound  Water  Contamination  The  possibility 
that  effluent  from  septic  tanks  may  contaminate 
ground  water  has  been  expressed  frequently.  The 
information  on  this  subject  is  not  very  definite.  When 
septic  tanks  were  widely  scattered,  the  problem  was 
of  less  consequence.  With  increasing  population  and 
the  use  of  septic  tanks  in  crowded  conditions, 
awareness  of  the  potential  pollution  problem  has 
increased.  The  size  and  number  of  such  installations 
per  acre  is  an  important  consideration  and  varies  with 
location  and  soil  quality. 

Some  of  the  concern  for  the  problems  involved 
has  to  do  with  the  lack  of  adequate  control  over  the 
installation  and  maintenance  of  septic  tank  systems, 
as  well  as  site  selection.  To  be  adequate,  the  control 
should  involve  not  only  the  investigation  and  the 
design  in  the  conditions  under  which  septic  tanks  are 
permitted,  but  also  strict  control  of  construction  and 
subsequent  maintenance. 

An  especially  useful  tool  to  assist  in  planning 
septic  tank  areas  is  the  soil  survey  report.  With  the 
soils  map  and  related  interpretive  information  avail- 
able, it  is  possible  to  delineate  areas  where  septic 
tanks  cannot  be  used  successfully.  These  areas  include 
poorly  drained  soils,  and  flood  plains.  There  are  areas 
where  the  use  of  a septic  tank  is  limited  or  where 
special  design  features  will  be  required.  Artificial 
drainage  mey  be  used  in  some  cases  to  improve 
drainage  for  disposal  fields  where  high  water  table  is  a 
limiting  factor.  Other  areas  include  slowly  permeable 
soils  and  highly  variable  soils,  and  may  include 
extremely  permeable  soils  where  ground  water  con- 
tamination is  expected  to  become  a problem.  (See 
Exhibit  1,  Table  14). 

The  soils  map  is  useful  for  describing  the  soil 
conditions  over  relatively  large  areas;  however,  small 
inclusions  of  different  soils  may  not  be  shown  on  the 
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torm  within  diking  districts,  drainage  districts,  and 
similar  entities  originally  created  to  provide  farm  land 
drainage  and  taxed  for  this  purpose.  Urban  and 
industrial  developments  create  a need  far  beyond  that 
contemplated  or  financed  at  the  time  the  district  was 
lormed.^£  urban  developments  contain  relatively 
high  damageable  values  and  need  a greater  degree  of 
protection  against  ephemeral  waters.  At  the  same 
time,  concentrations  of  urban  and  industrial  wastes 
and  storm  waters  overload  existing  drains,  thereby 
aggravating  drainage  problems  over  considerable  areas 
where  urban  developments  contribute  little  or  no 
financial  assistance  to  the  district.  In  other  areas, 
storm  drainage  and  pollutants  flow  beyond  urban 
boundaries,  mingle  with  drainage  flows  from  lands 
outside  organized  districts,  and  flow  into  districts 
which  must  handle  greater  volumes  than  originally 
conceived. 

The  studies  and  the  corrections  must  be 
dynamic  enough  so  that  they  can  follow  trends  of 
population  concentration  and  changes  in  land  use. 
They  should  be  well  enough  supported  and  financed 
so  that  long-range  planning  and  guidelines  can  be 
established  to  provide  methods  for  securing  the 
necessary  rights-of-way,  for  installing  the  means  of 
conveying  the  water,  and  for  any  effluent  treatment 
required.  They  should  have  the  means  to  evaluate  the 
feasibility  and  the  desirability  of  future  projects  from 
the  standpoint  of  the  public  interest. 

Financing  must  be  provided.  Sponsors  must 
provide  for  the  extended  and  long-range  comprehen- 
sive planning  required  for  adequate  drainage.  Under 
Public  Law  566,  agreements  as  to  responsibility  and 
financing  are  usually  contained  in  work  plan  agree- 
ments. 

Soil  as  a Disposal  Area-Many  suburban  areas 
and  sn Ail  municipalities  depend  on  septic  tanks  and 
soil  absorption  for  disposal  of  wastes.  It  is  estimated 
by  Bendixen1  that  25  percent  of  the  nation’s 
population  depends  on  sanitary  waste  disposal 
through  soil  absorption.  This  large  percentage  stems 
mainly  from  post-war  building  trends  that  resulted  in 
suburban  subdivision  development  beyond  sewage 
disposal  facilities  of  the  cities.  The  percentage  in  the 
Puget  Sound  Area  is  estimated  to  approximate  the 
national  average. 

Many  septic  tanks  do  not  operate  satisfactorily. 
McGaughey  and  Winneberger2  report  that  as  many  as 
one-third  of  the  septic  tanks  in  a single  subdivision 
may  fail  during  the  first  three  or  four  years  of  use. 
Disposal  system  failures  represent  a large  economic 


loss  and  constitute  a threat  to  public  health.  Septic 
tank  systems  are  not  considered  generally  suitable  as 
a permanent  means  of  sewage  disposal  for  residential 
or  commercial  areas  or  areas  having  difficult  soil 
problems. 

The  septic  tank  ordinarily  is  a watertight  tank, 
usually  buried  in  the  ground,  with  an  inlet  and  outlet. 
The  function  of  the  tank  is  to  receive  and  retain 
wastes  for  digestion  so  that  the  resulting  effluent  may 
be  percolated  into  the  soil  more  readily.  Effluent 
from  the  tank  is  discharged  into  the  soil,  usually  by  a 
percolation  field.  Biological  decomposition  of  solids 
under  septic  (anaerobic)  conditions  takes  place  in  the 
tank.  The  main  function  of  the  septic  decomposition 
is  to  liquify  the  wastes.  Filtration  is  performed 
outside  the  tank  as  effluent  is  percolated  into  the  soil. 
Effluent  from  the  tank,  ideally,  is  distributed  evenly 
over  a percolation  field  where  it  is  further  acted  upon 
by  micro-organisms  under  aerobic  conditions  and 
percolated  into  the  soil. 

The  function  of  the  system  is  disrupted  if  any 
one  of  these  operations  fails  to  take  place  efficiently. 
Failure  may  be  due  to  poor  design  or  construction, 
inadequate  capacity  of  the  tank  or  percolation  field, 
or  the  failure  to  fully  consider  soil  characteristics  in 
the  selection  or  design  of  the  percolation  field. 
Failure  of  a system  is  usually  progressive  and  a 
malfunction,  once  it  begins,  may  lead  to  a complete 
operational  breakdown. 

If  a septic  tank  is  of  inadequate  size,  is  not 
operating  properly  for  any  reason,  or  is  not  main- 
tained, digestion  will  not  be  completed  and  sludge 
will  be  discharged  into  the  percolation  field.  Sludge 
may  rapidly  clog  a filter  bed.  Septic  tank  sludge  must 
be  removed  from  the  tank  periodically,  perhaps  every 
three  to  five  years,  depending  on  the  use  and  size  of 
the  tank. 

Poor  installation  of  the  distribution  system  may 
overload  part,  and  inadequately  utilize  the  remainder 
of  the  percolation  field,  resulting  in  poor  operation. 
Improper  operation  also  results  if  the  infiltration  area 
is  too  small,  or  if  the  water  table  is  too  high.  Where 
the  effluent  is  not  absorbed  rapidly  enough,  it  will 
back  up  in  drains  or  rise  to  the  surface  of  the  ground 

* Bendixen,  T.W.,  Field  Percolation  Tests  for  Sanitary 
Engineering  Application,  Tech.  Publ.  322,  American  Society 
for  Testing  Materials,  Philadelphia,  Pa.  1962. 

2 

McGaughey  and  Winneberger,  Summary  Report  on  Causes 
and  Prevention  of  Failure  of  Septic  Tank  Percolation 
Systems.  1963. 


map.  Il  is  therefore  advisable  to  make  an  onsite 
evaluation  where  improvements  are  planned.  Such  an 
investigation  can  best  be  performed  by  personnel 
trained  in  making  interpretations  based  on  observable 
morphological  characteristics  of  the  soil,  and  in 
comparing  the  specific  soil  with  similar  morphology 
that  has  been  studied  elsewhere.  Use  of  the  map  can 
also  contribute  to  sound  planning,  including  the 
identification  of  zones  where  septic  tanks  may  be 
successful,  as  well  as  assisting  in  delineation  of  areas 
where  use  of  the  tanks  is  not  in  the  public  interest.  As 
population  densities  increase  in  any  area,  septic  tanks 
should  be  replaced  with  community  disposal  systems 
of  adequate  design. 

Relationship  of  Drainage  to  Pollution  from 
Productive  Lands-AII  life  processes,  and  all  activities 
of  industry,  municipalities,  and  agriculture,  produce 
by-products  that  consist  of  materials  or  energy 
surplus  to  the  needs  of  the  producer  at  a particular 
time  or  place.  The  term  “producer”  refers  here  to  the 
agent  creating  the  by-product.  Some  of  these  by- 
products are  obviously  of  value  to  producers  who 
convert  and  re-use  them  immediately  as  inputs  in  new 
processes.  Other  by-products  are  of  such  insignificant 
usefulness  the  producer  is  induced  to  discard  them  as 
quickly  and  cheaply  as  possible.  By-products  disposed 
of  in  this  manner  are  “waste”  products.  Waste 
products  may  be  solids,  liquids,  gases,  or  energy 
components  that  are  discharged  into  the  atmosphere, 
the  land,  or  the  water  for  disposal. 

In  nature,  wastes  derived  from  animals  and 
plants  quickly  become  substrates  for  the  continued 
growth  of  plants  and  animals  and  disturbance  to  the 
environment  is  minimal.  The  activities  of  man  often 
cause  great  concentrations  of  many  kinds  of  waste 
that  cannot  be  quickly  and  easily  assimilated  into  the 
environment  by  natural  processes.  Problems  caused 
by  disturbance  to  the  environment  before  and  during 
the  assimilation  is  called  pollution. 

The  human  producer  thus  may  have  two 
alternatives:  first,  he  may  convert  the  by-product  into 
something  useful  and  re-use  it,  or  second,  he  may 
discard  the  waste  into  some  element  of  the  environ- 
ment for  natural  processes  to  reduce.  The  use  of 
manure  for  fertilizer,  and  the  manufacture  of 
sulphuric  acid  out  of  smelter  wastes  are  examples  of 
controlled  conversion  and  re-use.  The  burning  of 
garbage,  the  burying  of  refuse  in  the  earth,  or  the 
discharge  of  treated  or  untreated  sewage  into  a river 
are  examples  of  relinquishment  by  man  of  his  control 
over  the  wastes  in  favor  of  natural  forces  which  serve 


eventually  to  assimilate  the  substance  into  the 
environment . 

The  conversion  and  re-use  of  waste  is,  of 
course,  the  most  attractive  alternative  means  of 
eliminating  the  unwanted  by-product.  It  is  most 
attractive  because  the  process  remains  under  control, 
which  should  make  it  possible  to  eliminate  most  of 
the  nuisances  caused  by  disturbances  in  the  environ- 
ment. Unfortunately,  many  of  the  known  methods  of 
conversion  and  re-use  are  not  financially  profitable, 
and  some  forms  of  waste  from  modern  enterprises 
seemingly  defy  practical  methods  of  conversion . The 
re-use  or  disposal  of  waste  materials  into  the  environ- 
ment seems  likely  to  become  one  of  the  major 
problems  of  the  future.  The  relative  amount  of  re-use 
of  by-products  will  likely  increase  as  time  goes  on, 
either  for  economic  reasons  or  because  of  increased 
restrictions  on  incineration  and  other  common 
methods  of  waste  disposal,  but  it  appears  unlikely  it 
will  be  possible  to  completely  eliminate  the  disposal 
of  at  least  some  forms  of  waste  into  the  environment. 

The  main  interest  here  is  the  pollution  of  water 
and  related  lands  by  wastes.  Pollution  occurs  when 
the  quality  of  water  for  some  purpose  is  materially 
lowered  by  such  wastes.  The  increase  in  the  number 
of  specific  uses  of  water  multiplies  the  ways  in  which 
the  quality  may  be  impaired.  The  Senate  Select 
Committee  on  National  Water  Resources,  in  Com- 
mittee Print  No.  9,  specifies  eight  general  categories 
of  water  pollutants  as  follows:  (1)  sediments,  (2) 
sewage  and  other  oxygen -demanding  materials,  (3) 
plant  nutrients,  (4)  infectious  agents,  (5)  organic 
chemical  exotics,  (6)  salt  and  mineral  substances,  (7) 
radioactive  substances,  and  (8)  heat. 

Agricultural  and  open  uses  of  land  share  with 
manufacturing  enterprises  and  municipalities  in  dis- 
charging unwanted  substances  into  the  water  supply, 
although  the  discharge  of  radioactive  substances  or 
generated  heat  is  presently  very  small.  The  probable 
future  use  of  atomic  or  fossil-fuels  for  various 
purposes  will  produce  significant  localized  problems 
of  heat  pollution  that  will  require  intensive  study  for 
suppression  or  mitigation.  Some  heating  of  streams 
during  periods  of  low  flow  is  occasionally  caused  by 
logging  along  small  streams,  thus  exposing  the  Area  to 
greater  effects  of  solar  heat.  Potential  agricultural 
pollutants  commonly  originate,  or  are  spread,  on  the 
land  surface  and  are  carried  to  streams  and  lakes 
mainly  by  overland  flow.  As  the  demand  for  high- 
quality  water  increases,  greater  conservation  efforts 
will  be  needed  to  prevent  pollution  of  water  from 
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overland  runoff.  Drainage  practices  that  encourage 
infiltration  and  disposal  of  subsurface  water  in  lieu  of 
surface  runoff  are  important  in  preventing  pollution. 

Sediments-are  one  of  the  main  pollutants  of 
surface  waters.  Sediments  from  erosion  fill  stream 
channels,  increase  water  supply  treatment  required, 
inhibit  oxidation  of  organic  pollutants,  and  reduce 
fish  and  shellfish  populations  and  habitat.  While 
croplands  and  forest  produce  considerable  sediment, 
a major  sediment  source  lies  with  urban  activities 
also.  Suburban  and  industrial  development  frequently 
removes  all  vegetation  from  large  areas  of  land, 
exposing  them  to  erosion.  Erosion  sediments  not  only 
cause  damage  to  the  stream  regimen  and  to  property 
in  the  overflow  area,  but  they  also  serve  to  carry  a 
large  portion  of  other  pollutant  materials  derived 
from  the  land. 

Organic  Wastes- Sewage;  animal  wastes  and 
effluent  from  dairies;  wastes  from  canneries;  logging 
debris;  and  wastes  from  certain  timber-processing 
industries  and  similar  processing  plants,  impair  the 
quality  of  water,  mainly  through  the  biochemical 
demand  on  dissolved  oxygen  (BOD)  required  to 
decompose  the  organic  matter.  Fortunately,  organic 
pollutants  may  be  largely  oxidized  and  removed  by 
the  passage  of  water  through  the  soil,  and  this  process 
is  closely  connected  with  drainage  practices. 

Untreated  municipal  sewage  has  a BOD  in  the 
range  of  100  to  400  parts  per  million.  Waste  from 
animal  feedlots  may  have  a BOD  ranging  from  1 00  to 
1,500  parts  per  million.  Waste  from  vegetable  can- 
neries may  vary  from  100  to  10,000  parts  per  million, 
and  juice  from  pea  vine  ensilage  may  run  as  high  as 
75,000  parts  per  million.'* 

In  studies  at  the  National  Institute  of  Health, 
the  following  animal  equivalents  to  human  sewage 
production  were  determined;  man,  1;  cow,  16.4;  pig, 
1.9;  sheep,  2.45;  chicken,  0.014.  These  data  could 
indicate  that  a feedlot  handling  1 ,000  head  of  cattle 
would  have  the  waste  disposal  problem  of  a small 
city.  Despite  these  high  rates  of  potential  organic 
pollution,  it  is  possible  in  most  cases  to  dispose  of 
this  material  without  stream  deterioration.  Studies 
made  at  Pennsylvania  State  University2  confirm  that 
one  of  the  best  and  most  economical  ways  to  purify 
polluted  water  is  to  let  it  percolate  through  the  soil; 
thus  areas  where  animals  are  concentrated  should  b/' 

* C.H.  Wadlaigh,  ARS.  Agricultural  Pollution  of  Water 
Resources,  Soil  Conservation  Mag.,  V.  33,  No.  2.  Sept.  1967. 

2 Or.  L.T.  Cardot,  Pennsylvania  State  University. 


located  on  well-chosen  sites  and  provided  with 
diversions  so  that  the  runoff  flows  onto  wooded  or 
grassed  areas  having  soils  of  good  infiltration  quality . 
If  the  contaminated  runoff  is  prevented  from  reach- 
ing streams  through  overland  flow,  surplus  water 
supplies  are  protected.  Generally,  the  ground  water  is 
amply  safeguarded  by  the  filtering  effect  of  the  soil. 
The  exceptions  may  be  very  coarse  sands,  sands  that 
are  shallow,  or  fractured  rock  that  reduces  the 
effectiveness  of  the  filtration  action.  In  some  soils, 
the  filtering  effect  can  be  enhanced  by  artificial 
drainage  to  lower  the  water  table  or  remove  filtered 
liquid.  In  rare  congested  circumstances,  disposal  of 
the  material  by  irrigation  may  become  impractical  or 
objectionable.  In  such  cases,  there  needs  to  be 
developed  an  economical  and  effective  means  of 
handling  manure  to  provide  some  benefit  to  the  land 
while  eliminating  possible  pollution  from  runoff. 

Plant  Nutrients-Ponds,  lakes,  reservoirs,  and 
rivers  frequently  are  degraded  by  growth  of  algae  and 
other  plants.  Increased  water  temperatures  caused  by 
low  flows,  increased  solar  heating  following  removal 
of  vegetation,  or  other  causes,  may  be  a significant 
factor  in  algae  growth.  Algae,  like  all  plants,  require 
mineral  nutrients  for  growth.  In  most  waters,  the 
limiting  factor  for  algae  growth  is  phosphorus.  The 
other  elements,  such  as  nitrogen,  potassium, calcium, 
and  magnesium,  are  usually  in  abundant  supply. 
Evidence  indicates  that  algae  will  grow  if  the  water 
contains  as  little  as  one-tenth  of  a part  per  million  of 
phosphorus.  Farmers  often  supply  many  tons  of 
fertilizer  containing  phosphorus  on  their  farms,  and 
considerable  phosphorus  is  present  in  domestic 
sewage  from  the  use  of  laundry  detergents.  The 
average  amount  of  phosphorus  delivered  in  metro- 
politan sewer  effluents  amounts  to  about  two  pounds 
per  person  per  year;  in  other  words,  the  sewage 
effluent  from  a city  of  a million  people  will  contain 
1,000  tons  of  phosphorus  a year.  Phosphorus  from 
farm  lands  may  also  pollute  streams;  however,  it  gets 
into  the  surface  water  mainly  through  erosion  sedi- 
ments and  runoff  from  topsoil.  It  is  possible  that 
surface  runoff  flowing  into  streams  from  feedlots  and 
barnyards  may  be  a significant  source  of  phosphorus; 
however,  water  that  seeps  through  the  subsoil  or 
moves  laterally  through  the  soil  carries  very  little 
phosphorus.  Phosphorus  normally  moves  only  a few 
inches  through  a soil  before  it  is  “fixed"  by  iron  and 
aluminum. 

Soil  particles  have  a great  affinity  for  holding 
phosphorus  molecules.  When,  for  example,  fine 
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suspended  soil  particles  in  the  rivei  contain  a 
thousand  parts  per  million  of  phosphorus  adsorbed 
on  their  surfaces,  the  phosphorus  in  true  solution 
may  he  only  0.005  to  0.010  parts  per  million.1  Water 
samples  are  sometimes  analyzed  without  making  a 
distinction  between  the  phosphorus  that  is  in  solution 
and  the  phosphorus  which  is  adsorbed  onto  the 
suspended  sediment  and  therefore  is  relatively  in- 
active. In  any  event,  the  best  way  to  control  the 
phosphorus  burden  arising  from  agricultural  practices 
or  from  construction  is  to  use  practices  which  prevent 
erosion  of  the  land.  These  practices  arc  structures, 
vegetation,  and  drainage  facilities  which  minimize 
surface  runoff  and  delivery  of  sediment  from  fields, 
farmsteads,  feedlots.  and  disturbed  areas,  and  encour- 
ages percolation  through  the  soil. 

Infectious  Agents -Otherwise  attractive  streams 
may  become  unsafe  for  swimming  or  potable  uses 
because  of  the  presence  of  pathogenic  bacteria  or 
infectious  virus  agents.  Some  of  the  bacteriological 
pollution  in  streams  comes  from  farm  runoff  and 
erosion  as  well  as  from  erosion  due  to  construction, 
logging,  and  other  sources.  In  places  where  infectious 
pollution  is  found  to  be  a problem  from  specific 
sources,  it  may  become  necessary  to  collect  and  treat 
the  effluent  by  adequate  means  before  discharge. 

Organic  Chemical  Exotics  Much  public  con- 
cern has  been  expressed  over  possible  poisoning  of 
the  environment  by  organic  chemical  pesticides  and 
herbicides.  The  Senate  Select  Committee  on  Water 
Resources  states  that  organic  chemical  pollutants 
constitute  a "water  problem  of  great  concern  which 
will  increase  manifold  in  significance  in  the  future.” 
Synthetic  detergents,  petroleum  derivatives,  and 
nitrochlorobenzenes  are  some  examples  of  chemical 
pollutants  that  frequently  originate  from  industrial 
and  metropolitan  areas.  Others  may  originate  from 
productive  lands,  mainly  from  use  of  pesticides  that 
are  somehow  applied  so  that  they  reach  streams  and 
lakes  directly  or  by  overland  flow  before  they  have 
oxidized.  Organisms  normally  in  the  soil  have  a large 
capacity  to  oxidize  most  such  chemicals. 

According  to  Leo  G.K.  Iverson.  Assistant 
Director  of  the  Plant  and  Pest  Control  Division, 
Agricultural  Research  Service,  pollution  of  water 
from  the  proper  use  of  organic  pesticides  may  not  be 
as  extensive  as  formerly  believed.  The  use  of  “hard" 
or  persistent  chemical  compounds  such  as  DDT, 
Dieldrin,  Aldrin,  Heptachlor,  Endrin,  Lindane,  and 
Chlordane  is  being  decreased  in  the  State  of  Washing- 
ton. Alternate  chemicals  arc  being  used  which  have  a 


short  half-life  and  arc  hioken  down  before  they  reach 
surface  and  subsurface  waters.  Despite  this  action, 
however,  continual  alcitness  is  required  to  minimize 
any  potential  danger  from  the  use  of  potent 
chemicals,  regardless  of  the  source. 

Salts  and  Minerals  Water  moving  through  soil 
extracts  natural  salts  and  minerals.  Drainage  from 
mines,  and  salts  in  the  wastes  from  certain  industries, 
are  other  example  ..  I 'suolly  these  problems  are  more 
potent  in  the  arid  and  semi-arid  regions  than  in  the 
Puget  Sound  Area,  where  accumulations  of  salts  are 
usually  leached  Irom  the  soil  in  a short  time  by  the 
favorable  rainfall  pattern.  Logging  operations,  road 
construction,  and  housing  developments  that  disturb 
large  areas  of  soil,  may  temporarily  increase  salt  and 
mineral  concentrations  in  waters  derived  from  these 
areas. 

Cover  Crops  A good  cover  crop  on  suitable 
soils  sometimes  provides  an  economical  oxidation 
system  for  the  safe  disposal  of  organic  wastes,  such  as 
remain  after  the  usual  treatment  of  effluent  from 
food  and  fiber  proccssine  plants  and,  in  some  cases, 
from  municipal  sewage  systems.  Careful  regulation  of 
the  use  of  organic  wastes  is  essential  to  prevent 
contamination  ol  loud  crops  which  may  be  eaten 
uncooked,  to  prevent  unnecessary  exposure  of  the 
public  to  pathogen-laden  water,  and  to  avoid 
nuisances.2 

Studies  made  at  Pennsylvania  State  University 
by  Dr.  L.T  Cardos  and  associates  of  treated 
municipal  waste  disposal  found  that  chlorinated 
effluent  from  municipal  sewage  treatment  plants 
could  be  used  to  inmate  corn,  wheat,  red  clover, 
alfalfa,  idle  farm  lands,  mixed  hardwoods,  and  red 
pine  at  the  rate  of  one  to  two  inches  per  week 
through  sprinkler  irrigation  systems.  In  these  cases, 
the  concentration  of  nitrate  in  the  soil  water  below 
1 2 inches  was  reduced  oS-X0  percent  from  that  of  the 
applied  effluent;  phosphorus.  99  percent;  and  deter- 
gents. 95-98  percent.  In  addition,  with  two  inches  of 
irrigation  per  week,  over  a million  gallons  per  acre  of 
high  quality  water  was  recharged  to  the  ground  water 
reservoir  for  potential  re-use  during  a period  of  five 
and  one-half  months.  Sites  for  such  irrigation  should 
be  carefully  selected  and  storage  should  be  provided 
so  that  irrigation  need  not  be  accomplished  during 

1 C.H.  Wadleiflh,  ibid. 

2 Health  Guidelines  for  Water  Resource  and  Related  Land 
Use  Management.  US.  Public  Health  Service.  Department  of 
Health,  Education  and  Welfare.  March  1968 


2-59 


the  brief  and  erratic  periods  when  drainage  would  be 
hindered  by  frozen  soil. 

Where  pesticides,  animal  wastes,  infectious 
agents,  phosphate,  and  silt  move  overland  from  the 
land  to  the  streams  and  result  in  water  pollution,  then 
the  important  control  should  be  on  runoff  and 
sediment  delivery  since  these  are  the  major  vehicles 
for  pollution.  This  could  mean  that  practices  which 
prevent  erosion  of  the  soil  should  be  applied  more 
thoroughly  and  effectively  to  critical  watershed  areas 
as  population  pressure  increases  than  they  are  today. 

Sediment  resulting  from  the  erosion  of  building 
sites,  road  construction,  and  agricultural  lands, 
including  logging,  is  a major  form  of  water  pollution 
and  soil  conservation  practices  are  an  accepted  means 
of  control. 

Drainage  for  Transportation  Systems  and 
Foundations 

The  stability  or  life  expectancy  of  a road  or  a 
low  building  or  airport  depends  basically  upon  two 
things-the  soil  beneath  the  foundation  and  water 
conditions.  Roadways  and  other  structures  con- 
structed over  suitable  soils  are  cheaper  to  build  and 
easier  to  maintain  than  those  which  are  built  over 
unsuitable  soils. 

The  supporting  capacity  of  various  earth  foun- 
dations varies  from  several  hundred  tons  per  square 
foot  for  solid  rock  to  practically  nothing  for  satur- 
ated silt  and  depends  upon:  (1)  the  characteristics  of 
the  formation;  (2)  the  bedding  and  stratification  of 
the  particular  formation;  and  (3)  the  degree  of 
saturation  of  the  formation  with  water. 

Flood  plains  and  alluvial  deposits  generally  are 
non-homgeneous  in  their  composition  and  must  be 
studied  with  care  to  determine  the  proper  bearing  to 
be  assigned  to  them.  Their  weight-bearing  capacity 
will  generally  be  determined  by  the  most  porous 
material  in  their  make-up.  Glacial  deposits  may  vary 
from  pockets  of  small  size  to  formations  covering  a 
wide  area,  and  their  extent  must  be  studied  when 
such  formations  are  utilized  as  foundation  beds.  Thin 
strata  of  rock,  especially  when  badly  fissured,  afford 
very  little  better  foundation  beds  than  does  the 
stratum  beneath  the  rock.  Solid  rock  should  mean  a 
solid,  infissured  stratum  not  less  than  10-15  feet 
thick.  Muck  and  peat  soils  almost  invariably  settle 
when  subject  to  loads,  and  foundations  should  be 
built  upon  them  only  with  extreme  caution. 

Not  only  should  the  present  condition  of  the 
soil  be  taken  into  consideration,  but  its  probable 


PHOTO  2-20.  Roadcut,  showing  piling  and  rock 
riprap  to  prevent  slide  in  clayey  lake  sediments.  King 
County.  Note  use  of  numerous  drainage  wells  and 
pumps  to  remove  excess  ground  water  in  an  effort  to 
stabilize  the  soils.  (SCSI 


behavior  when  exposed  to  the  weather.  Many  forma- 
tions, such  as  some  shales  and  clays,  disintegrate  and 
change  their  properties  if  exposed  to  the  weather. 

Colloidal,  or  ultra-fine  materials,  particularly 
clay  and  humus,  affect  the  bearing  behavior  of  soils. 
The  influence  of  the  colloidal  content  lies  in  in- 
creased impermeability  to  movement  of  water, 
greater  capacity  for  retaining  water,  and  increased 
shrinkage  upon  drying.  Colloidal  materials,  particu- 
larly clays,  also  diminish  internal  friction  between 
larger  soil  particles  when  wet  and  thus  lessen  load- 
bearing  capacity  unless  drained.  The  proportion  of 
colloidal  material  in  a soil  may  vary  from  a trace  to 
nearly  100  percent.  Loam  soils  usually  contain  20-25 
percent  colloids,  while  coarser-textured  soils  contain 
less. 

Behavior  of  Water  in  Soils 

When  water  occupies  all  interstitial  space  in  a 
soil,  the  soil  is  said  to  be  saturated.  Foundations  set 
below  the  zone  of  saturation  are  subject  to  water 
infiltration  unless  carefully  waterproofed  and,  in 
most  situations,  are  subject  to  upward  buoyant 
effects  acting  on  most  of  the  submerged  foundation. 

Under  some  conditions,  water  may  be  under  a 
hydrostatic  head  causing  upward  flows  when  released 
by  excavation  or  other  disturbance.  This  flow  in  fine 
materials  may  result  in  “quick”  conditions  that 
destroy  the  load-bearing  capacity  of  many  soils  for 
normal  foundations. 
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Water  also  exists  in  soil  above  the  saturated 
zone  in  the  so-called  capillary  fringe.  The  elevation  of 
this  fringe  above  the  zone  of  saturation  is  greater  in 
fine  soils  where  conditions  for  capillary  rise  of  water 
are  good.  Freezing  of  water,  either  in  the  saturated 
zone  or  in  the  capillary  fringe,  causes  an  expansion 
known  as  “heaving.”  The  expansion  by  heaving  is  not 
necessarily  uniform  and  results  in  uneven  bearing  on 
the  foundation.  Heavy  foundation  or  traffic  loads 
under  these  conditions  cause  breaking  or  displace- 
ment and  result  in  heavy  damage. 

Effects  similar  to  frost  heaving  are  derived  from 
the  tendency  of  some  soils  to  expand  when  wet  and 
shrink  when  dry.1  Relief  from  these  effects  is 
obtained  by  installation  of  drainage  measures  com- 
bined with  other  measures  to  insulate  the  soil  mass 
from  fluctuations  in  moisture  content. 

In  general,  the  two  methods  of  combating 
freezing  or  shrinking  are  to  remove  the  water  from 
beneath  the  foundation,  or  to  put  the  foundation 
down  to  such  an  elevation  that  frost  or  changes  in 
moisture  do  not  occur  beneath  it.  In  the  lowlands  of 
Puget  Sound,  usually  two  feet  will  be  beneath  the 
frostline,  but  in  the  northern  counties  and  higher 
mountain  areas,  frost  penetrates  to  greater  depths. 
Treatment  for  preventing  frost  heaving  or  damage 
from  freezing  is  to  remove  the  water  from  beneath 
the  highway  and  carefully  prepare  the  subgrade  out 
of  select  materials  having  low  capillary  attraction. 

Basically,  this  drainage  may  be  provided  by 
open  drains  or  closed  drains.  Surface  drainage  is 
usually  of  two  types:  (1)  interceptor  ditches  which 
intercept  and  convey  water  away  from  the  roadbed 
before  it  enters  the  subsurface  of  the  road;  or  (2) 
ditches  which  are  deep  enough  that  water  drains  from 
beneath  the  road  into  the  ditches  and  is  conveyed 

Subsurface  drains,  commonly  known  as 
“French  drains”  or  “drain  pipes,”  are  placed  beneath 
the  surface  of  roads  and  are  usually  Tilled  with  coarse 
aggregate  or  gravel.  They  are  placed  at  a grade  which 
will  convey  water  from  beneath  the  roadbed  to 
ditches  or  pipes  outside.  A French  drain  consists  of 
an  excavated  trench  backfilled  with  stones,  the  largest 
stones  at  the  bottom  and  the  size  decreasing  toward 
the  top.  It  should  be  built  on  a grade  steeper  than  a 
pipe  drain  and  deep  enough  to  avoid  freezing.  French 
drains  have  a tendency  to  become  clogged  unless  well 
maintained.  Pipe  drains  may  be  built  with  clay  tile, 
vitrified  clay  pipe,  concrete  pipe,  corrugated  metal 

1 Sm  Exhibit  1,  Table  16  at  the  end  of  this  Appendix. 


pipe,  or  plastic  pipe.  The  drain  is  usually  laid  on  a 
grade  with  open  joints  at  the  bottom  of  a trench 
backfilled  with  coarse  gravel.  Pipe  drains  may  be 
located  either  beneath  the  roadbed  or  beneath  ditches 
at  the  side  of  the  road.  They  are  constructed  at 
intervals  as  necessary  to  provide  the  required  drain- 
age. 

Drainage  for  Disposal  Field  Development 

It  is  possible  that  drainage  facilities  can  lower 
the  water  table  sufficiently  to  permit  septic  tanks  to 
function  at  specific  sites  where  otherwise  the  water 
table  is  so  high  drainage  fields  will  not  function. 
Artificial  drains  should  be  designed  to  promote  the 
effective  filtration  and  aeration  of  effluent  and  not  to 
merely  pipe  the  effluent  away  to  cause  trouble 
elsewhere. 

About  1 ,983,000  acres  have  moderate  to  severe 
limitations  for  use  of  septic  tanks.  These  lands  consist 
of  391,600  acres  of  alluvial  flood  plain  lands, 
209,000  acres  occurring  as  basin  areas  in  upland 
terraces,  1,300,000  acres  of  restrictive  or  cemented 
till,  or  underlain  at  shallow  depths  by  bedrock,  and 
over  82,000  acres  of  organic  soils,  and  other  unstable 
or  hazardous  areas. 

Septic  tank  drainage  fields  on  gently  sloping  to 
hilly  land  may  cause  seepages  and  springs  at  lower 
elevations  and  become  a serious  health  hazard. 
Likewise,  they  contribute  to  higher  water  tables  in 
the  gently  sloping  basins  which,  under  natural  runoff 
conditions,  require  surface  and  subsoil  drainage 
during  periods  of  excess  precipitation.  Septic  tank 
drainage  fields  occasionally  contribute  to  slides  and 
land  loss  in  areas  otherwise  relatively  stable. 

Drainage  for  Recreational  Areas 

Types  of  drainage  in  recreational  areas  are 
diverse,  since  the  areas  are  concerned  with  roads, 
buildings,  campsites,  septic  tanks,  grass  seedings  on 
golf  courses,  woodlands,  and  wildlife.  Drainage  often 
is  required  to  remove  free  water  from  surface  soils 
and  subsoils  to  improve  sites  for  parks  and  golf 
courses  ot  trees  and  shrubs.  Drainage  for  recreational 
purposes  is  closely  related  to  needs  for  agricultural 
drainage. 

Many  recreational  sites  and  vacation  homes  are 
located  on  the  shores  of  glacial  lakes  where  soil 
conditions  often  result  in  low  permeability.  Pollution 
from  septic  tank  fields,  sediment,  and  accumulations 
of  waste  are  particularly  difficult  to  keep  out  of  lake 
waters  under  these  conditions.  Collection  and  com- 
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munity  disposal  of  sewage,  with  careful  control  of 
erosion  conditions,  are  highly  advisable. 

Drainage  for  Vector  Control 

Various  features  of  erosion  control,  sanitation, 
drainage,  and  other  water  management,  affect  vector 
habitat  and  the  prevention  and  control  of  vectors  and 
other  insect  pests  associated  with  water  and  related 
land  resources.  Major  vectors  include  mosquitos, 
terrestial  anthropods,  and  rodents  associated  with  the 
management  of  the  water  and  land  resources. 
Improved  water  management  includes  the  potential 
for  establishment  of  physical  conditions  that  may 
minimize  or  eliminate  existing  vector  problems  and 


produce  substantial  benefits  in  comfort  and  health  of 
populations  of  humans  and  domestic  livestock. 

Routine  programs  of  vector  appraisal  are  desir- 
able as  a part  of  normal  operation  and  maintenance 
activities  of  water  resource  projects,  particularly 
those  involving  irrigation,  reservoirs,  and  water- 
oriented  recreational  areas.  Inspections  for  adult  and 
larval  mosquitos  and  other  vectors  are  essential  for 
planning  and  evaluating  control  measures  to  meet 
potential  or  emergency  situations  involving  vector- 
borne  disease.  Personnel  of  the  Washington  State 
Health  Department  can  provide  assistance  in  evalu- 
ating potential  or  actual  vector  control  needs. 


IRRIGATION 


Irrigation  in  the  Puget  Sound  Area  offers  the 
advantage  that  a comparatively  small  amount  of 
supplemental  irrigation  during  the  summer  can  be 
used  to  supplement  natural  rainfall  occurring  during 
the  growing  season  and  available  soil  moisture  stored 
from  previous  rainfall  to  approximate  optimum  soil 
moisture  conditions  for  crop  growth.  An  exception  to 
the  supplemental  nature  of  irrigation  occurs  generally 
in  the  rain  shadow  of  the  Olympic  Mountains  where 
substantial  amounts  of  irrigation  are  required  for 
satisfactory  growth  of  most  economic  crops. 

In  1966  about  91,700  acres1  of  land  were 
irrigated.  Under  present  conditions  much  irrigation  is 
practiced  during  extremely  dry  periods  to  avoid  crop 
failure  and  to  establish  new  seedings  rather  than  to 
obtain  maximum  crop  yields  possible  with  the  best 
management.  The  greatest  improvement  in  produc- 
tion is  realized  when  irrigation  is  integrated  into  total 
farm  management.  Where  irrigation  is  used  only  to 
rescue  crops  from  the  obvious  effects  of  temporary 
drouth,  part  of  the  potential  benefits  of  the  supple- 
mental water  are  foregone. 

Much  irrigation  is  installed  by  individual 
farmers  pumping  from  ground  water  supplies  or 
diverting  from  small  streams  and  private  impound- 
ments. Project  type  developments  for  supplying  water 
are  found  in  the  Elwha-Dungeness  Basins.  Farmers 
can  be  expected  to  install  substantial  amounts  of 
irrigation  facilities  in  response  to  improvements  in  the 
market  for  farm  produce  that  may  justify  the 
investments  required.  If  the  Area  satisfies  the  require- 


ment for  food  and  fiber  projected  by  Appendix  IV, 
Economic  Environment,  on  the  land  estimated  to 
remain  in  cropland,  there  will  be  a need  for  396,000 
acres2  of  irrigation,  including  the  91,700  acres 
presently  irrigated,  by  the  year  2020  (see  Table  2-12). 
Appendix  VII,  Irrigation,  projects  the  total  acreage 
likely  to  be  irrigated  in  the  Area  at  223,000  acres.3  If 
this  projection  is  correct,  the  corresponding  defi- 
ciency in  production  will  increase  the  existing 
dependence  of  the  Area  on  imports  of  farm  products 
to  meet  the  needs  of  future  years. 

Part  of  good  management  of  supplemental 
irrigation  lies  in  adjusting  the  timing,  frequency,  and 
amounts  of  water  supplied  to  specific  crops.  This 
requires  a higher  degree  of  water  management  than  is 
in  genera]  use  in  the  Area.  Under  present  conditions 
this  level  of  water  management  is  practical  only  on 
the  better  adapted  soils  having  good  characteristics 
for  storage  of  water  in  a form  available  to  crops.  This 
means  usually  that  flood  protection  and  adequate 
drainage  are  required  before  irrigation  can  be 
managed  for  best  economic  advantage. 

Irrigation  can  supply  water  before  growth  of 
the  plant  is  slowed  or  stopped  by  lack  of  water,  but 
excess  water  likewise  will  inhibit  plant  growth.  Nearly 

1 Appendix  VII,  Irrigation,  reports  the  functional  aspects  of 
irrigation  supply  and  related  factors. 

2 Appendix  V,  Water-Related  Land  Resources,  Chapter  2, 
Agriculture. 

3 Appendix  VII,  Irrigation,  Table  2-12. 
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all  crops  grow  less  rapidly  when  soil  moisture  falls 
below  20  percent  of  the  water-holding  capacity  of  the 
soil.  Some  crops  are  similarly  affected  when  35  or  40 
percent  of  the  available  moisture  remains  in  the  soil. 
High  fertility  levels  may  affect  the  optimum  moisture 
level.  Irrigation  and  higher  applications  of  fertilizer 
often  make  it  possible  to  increase  the  density  of  some 
crops,  i.e.,  the  number  of  plants  per  unit  area, 
without  impairing  growth  of  the  individual  plants. 
Variations  in  moisture  affect  the  quantity  and  quality 
of  the  crop  in  degree,  and  irrigation  practices  should 
be  continuously  adjusted  to  conditions  of  available 
water,  soil  temperature,  and  crop  for  best  results.  The 
actual  application  may  need  to  be  adjusted  to  fit  crop 
maturity,  quality  considerations,  or  for  other  reasons. 
The  moisture  content  of  the  soil  can  be  measured  or 
estimated  by  various  methods.  The  irrigator  should 
become  experienced  in  at  least  one  accurate  method 
of  determining  available  moisture  in  the  soil  and  use 
the  information  in  management  of  the  water  to 
achieve  best  results. 

Benefits  from  supplemental  irrigation  increase 
gross  income  and  generally  increase  net  income  to  the 
extent  required  as  an  incentive  for  private  enterprise 


to  undertake  the  investment,  provided  more  pressing 
needs  for  production  efficiency  have  been  met.’  It 
has  been  found  that  lack  of  a reasonable  return  from 
farm  operations  often  has  the  effect  of  increasing  the 
tendency  to  neglect  timely  installation  of  rehabilita- 
tion and  protective  measures  not  immediately  related 
to  current  income.  Irrigation  is  a factor  in  production 
and  to  the  extent  that  this  increases  the  stability  of 
the  agricultural  enterprise,  it  is  expected  to  con- 
tribute to  the  welfare  of  the  watershed  lands  for 
hydrologic  and  other  environmental  benefits  of  open 
land  use. 

Forest  studies2  indicate  there  is  a potential  for 
irrigating  forest  lands  for  increased  production.  There 
is  a potential  of  634,900  acres  considered  available 
for  this  treatment.  Such  irrigation  has  the  potential 
for  increasing  production  for  future  years  but  the 
economic  feasibility  has  not  been  determined. 

' Appendix  V,  Water-Related  Land  Resources.  Chapter  2, 
Agriculture,  Exhibits  6 and  7. 

2 Appendix  V,  Water-Related  Land  Resources,  Chapter  3, 
Forests. 


WATER  YIELD  IMPROVEMENT 


Portions  of  this  Appendix  deal  with  the  protec- 
tion or  rehabilitation  of  watershed  lands.  These 
measures  are  aimed  at  the  maintenance,  insofar  as 
possible,  of  the  natural  hydrologic  balance,  thus 
minimizing  the  effects  of  land  use  development  in 
watershed  areas.  A complex  part  of  watershed 
management  involves  the  field  of  water  yield 
improvement.  The  natural  hydrologic  balance, 
however  effective  it  may  be  in  soil  stability  and 
control  of  erosion,  may  not  result  in  the  optimum 
production  of  water  in  terms  of  either  quantity  or 
quality.  Measures  for  water  yield  improvement,  there- 
fore, involve  the  deliberate  management  of  upstream 
lands  to  increase  the  total  yield  of  water  or  to 
significantly  change  the  timing  or  period  of  runoff. 
These  measures  may  be  structural  in  nature,  they  may 
involve  the  manipulation  of  vegetative  cover,  or  may 
be  combinations  of  both. 

The  reader  should  recognize  at  once  that  very 
few  watersheds  in  this  country  are  now  being 
managed  with  the  objective  of  regulating  water  yield. 


Despite  the  prevalence  of  municipal  watershed  areas, 
the  Puget  Sound  Area  is  no  exception.  There  is 
management  to  protect  water  quality-a  good  deal  of 
it-yet  there  is  virtually  none,  other  than  research, 
devoted  to  the  improvement  of  natural  water  yields. 
Current  water  yield,  including  that  from  municipal 
watersheds,  is  basically  a natural,  unmanaged 
product. 

There  are  many  reasons  for  the  apparent  lack  of 
management  in  water  yield  improvement.  Most  of 
these  stem  from  the  complexity  of  the  subject,  from 
a general  lack  of  knowledge  concerning  the  hydro- 
logic  character  of  upstream  areas,  and  from  a lack  of 
specific  goals  for  water  production. 

A number  of  studies  throughout  the  nation 
have  proved  conclusively  that  vegetative  manipulation 
can  affect  total  water  yields.  Indeed,  this  is  precisely 
what  has  happended  where,  through  indifferent  or 
unknowing  land  development,  the  natural  water 
balance  has  been  affected  to  the  point  that  flooding, 
erosion,  and  sedimentation  have  occurred.  These 
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results  are  destructive  and  consequently  are  well 
known,  yet  there  is  an  equal  opportunity  for  improv- 
ing the  yield  of  water  through  careful  land  use 
planning  and  the  use  of  measures  specifically  designed 
for  this  purpose.  The  studies  have  shown  conclusively 
that  a large  potential  exists  in  the  field,  but  nearly  all 
admonish  the  reader  to  proceed  with  caution.  It  is 
generally  agreed  that  considerably  more  information 
on  the  various  factors  involved  is  needed  prior  to  any 
widespread  application  to  management. 

Vegetation  influences  water  in  two  ways:  (1)  it 
slows  the  rate  of  runoff,  allowing  more  time  for 
infiltration  and  increasing  the  time  required  for 
concentration  of  runoff  water,  and  (2)  it  uses  water. 
These  processes  are  due  to:  (a)  interception  by 
vegetative  crowns  which  catch  and  temporarily  store 
moisture  until  it  evaporates;  (b)  infiltration  and 
percolation  of  water  into  and  through  the  soil;  (c) 
transpiration  and  use  of  soil  moisture  by  vegetation  in 
its  growth  process;  and  (d)  evaporation  of  moisture 
not  included  in  interception.  Water  supplies  can  be 
controlled  to  the  extent  that  these  processes  can  be 
modified.  (See  the  section  of  this  Appendix  dealing 
with  “Effects  of  Soils  and  Cover  on  Runoff’). 

The  infiltration  of  water  into  the  soil  profile 
depends  basically  on  two  factors:  the  rate  at  which 
the  water  is  capable  of  penetrating  the  soil  profile; 
and  the  time  free  water  is  available  to  enter  the  soil. 
Vegetation  assists  in  this  process  by  slowing  or 
retarding  the  rate  of  runoff,  thereby  allowing  more 
time  for  infiltration  to  occur.  Plant  roots  assist  also 
by  penetrating  the  soil  profile  and  breaking  it  up  or 
loosening  it  to  allow  for  more  rapid  infiltration.  The 
infiltration  rates  or  intake  rates,  and  the  water 
holding  capacities  of  Puget  Sound  Area  soils  can  be 
found  in  Exhibit  1 , Table  6.  The  infiltration  rates  are 
given  in  inches  per  hour,  indicating  the  importance  of 
time. 

One  means  of  increasing  water  yield  is  through 
forest  cutting  or  other  vegetation  removal.  This  is 
logical,  since  cutting  reduces  water  losses  through 
vegetative  interception  and  transpiration.  There  is  less 
time  for  infiltration,  less  moisture  is  returned  to  the 
atmosphere,  and  more  goes  into  streamflow.  In  moist 
climates  such  as  that  of  the  Puget  Sound  Area,  it  is 
estimated  nearly  one-third  of  the  annual  precipitation 
is  lost  due  to  these  processes.  While  not  all  of  this 
water  could  be  recovered  by  cutting,  it  is  obvious  that 
greatly  increased  water  yields  could  result  from  cover 
removal. 

The  timing  of  the  water  yield  is  the  critical 


question  in  this  instance.  Studies  have  shown  that 
total  flows  generally  increase  with  cover  removal,  but 
these  increases  are  the  greatest  during  periods  of  high 
flow  and  are  relatively  insignificant  during  periods  of 
lowflow.  This  is  not  a desirable  objective  in  the  Puget 
Sound  Area.  While  some  studies  have  shown  that 
low  flow  augmentation  may  occur  in  some  instances, 
generally  low  flows  are  decreased.  Much  more 
research  is  needed  in  this  field. 

A second  means  of  altering  water  yield  is 
available  through  conversion  of  cover  types  or  the 
replacement  of  heavy  water-using  species  with  other 
less  demanding  types.  The  removal  or  replacement  of 
certain  riparian  vegetation,  particularly,  could  be 
instrumental  in  improving  low  flows  during  the 
summer  months.  Undoubtedly  there  is  considerable 
potential  for  this  type  of  work  throughout  the  Puget 
Sound  Area  but  the  total  scope  or  effect  is  unknown. 

Possibly  the  most  likely  chance  for  successful 
improvement  of  water  yields  lies  in  the  management 
of  snowpacks  in  timbered  and  alpine  areas.  This  has 
particular  significance  in  the  Puget  Sound  Area,  since 
much  land  receives  a large  portion  of  its  annual 
precipitation  in  the  form  of  snow.  This  land  con- 
stitutes an  important  source  of  streamflow  during  the 
summer  months.  Annual  snowfall  rates  exceeding  500 
inches  are  found  in  the  Olympic  Mountains  and  the 
Cascade  Range  The  delayed  action  of  snowmelt 
effectively  stores  precipitation  from  the  winter 
months  in  which  it  falls  to  the  spring  and  summer 
months  in  which  it  is  needed. 

Some  of  the  winter  precipitation  which  falls  as 
snow  serves  to  continue  the  life  of  the  approximately 
674  glaciers  to  be  found  in  this  Area.  These  glaciers, 
with  a total  surface  area  of  153  square  miles, 
contribute  about  1,430,000  acre-feet  annually  to 
Washington  streams.  It  is  estimated  that  about  400 
million  acre-feet  of  water  are  currently  stored  as 
glacier  ice  in  this  State. 

The  streamflow  from  glaciers  has  several 
distinctive  characteristics  of  particular  importance  to 
resource  development  in  the  Puget  Sound  Area.  The 
most  important  of  these  characteristics  are:  (1)  the 
fact  that  precipitation  is  stored  in  the  winter  and 
released  during  the  summer  dry  periods,  particularly 
during  July  and  August;  (2)  the  fact  that  although 
runoff  from  glaciers  is  approximately  equal  to  the 
precipitation  when  averaged  over  a long  period  of 
time,  the  ice  reserves  are  so  vast  that  in  the  hot,  dry 
years  when  runoff  from  other  than  glacier  sources 
may  be  in  short  supply,  the  glacier  melt  can  exceed 
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the  total  precipitation,  and  in  the  years  in  which 
precipitation  is  appreciable,  large  amounts  of  water 
can  be  stored;  and  (3)  the  fact  that  the  natural 
storage  of  frozen  water  in  the  glaciers  is  virtually  free 
from  evaporation,  transpiration,  and  other  losses. 
Although  the  total  streamflow  from  glaciers  within 
the  Area  is  a small  proportion  of  the  total  runoff,  the 
conditions  under  which  it  is  and  can  be  released  make 
it  of  considerable  importance. 

A number  of  studies  have  shown  that  cover 
manipulation,  as  well  as  snow  fencing,  can  result  in 
greater  concentrations  or  accumulations  of  snow, 
thus  reducing  evaporation  losses.  Cover  can  be 
utilized  to  shade  the  snow,  resulting  in  lower  melt 
rates  and  prolonged  streamflow.  Again,  the  various 
processes  involved  do  not  always  complement  each 
other.  It  is  recognized  that  measures  designed  for 
maximum  snow  accumulation  may  not  serve  equally 
well  in  reducing  melt  rates.  Other  factors,  including 
topography,  aspect,  air  movement,  or  elevation,  exert 
a considerable  influence.  Then,  too,  unusual  condi- 
tions must  be  contended  with.  A program  for  snow 
accumulation  must  consider  the  effects  of  rain-on- 
snow  conditions,  such  as  those  that  were  instrumental 
in  causing  the  floods  of  Christmas  week,  1964. 

The  potential  for  water  yield  improvement 
through  snowpack  manipulation  is  considered  to  be 
high,  yet  much  more  needs  to  be  learned  about  the 
various  processes  involved.  Certainly  this  subject 
deserves  intensive  research  and  analysis  to  determine 
its  potential  in  the  Puget  Sound  Area. 

The  foregoing  paragraphs  have  pointed  out  that 
much  information  needed  for  managing  water  yields 
is  unavailable.  The  information  required  is  not  so 
much  concerned  with  how  the  cover  may  be  manipu- 
lated, since  much  of  this  is  available,  but  rather  where 
and  under  what  conditions.  Deficiencies  in  the 
information  include  data  related  to  hydrology, 
geology,  soils,  silviculture,  climate,  and  economics. 
There  is  virtually  no  information  which  relates  to  the 
cost  of  a program  for  producing  an  acre-foot  of  water 
at  the  time  it  is  wanted.  In  addition,  many  land- 
owners or  managers  do  not  consider  water  as  a 
production  goal,  since  it  provides  no  monetary  return 
for  their  management.  Those  who  do,  frequently  are 
placed  in  the  position  of  guessing  what  the  future 
demand  for  water  will  be.  Until  there  is  general 
awareness  of  the  role  of  land  in  water  production; 
until  specific  goals  for  the  production  of  water  from 
these  lands  are  established;  and  until  land  managers 
are  provided  with  the  basic  dats  and  incentives 


needed  for  making  their  management  decisions,  the 
full  potential  for  land-based  water  yield  improvement 
cannot  be  realized. 

THE  ROLE  OF 
FORESTED  LANDS 

Watershed  management  practices  on  forested 
lands  are  dependent,  to  a large  extent,  on  the  uses  to 
which  the  lands  are  put.  Forests  are  used  for  timber, 
occupancy,  recreation,  fish  and  wildlife,  forage,  and 
other  purposes,  as  well  as  for  the  production  of 
water.  The  type  of  uses  involved,  singly  or  in 
conjunction  with  one  another,  largely  determines  the 
measures  required  for  soil  and  water  protection. 
Water  yield  improvement,  on  the  other  hand,  is 
mainly  directed  toward  improving  natural  water 
yields  and,  to  a lesser  extent,  correcting  deficiencies 
that  have  occurred  from  land  use  development.  The 
following  paragraphs  summarize  the  development 
potential  for  each  of  the  major  forest  land  uses,  as 
discussed  elsewhere  in  the  Puget  Sound  report.  These 
projections  provide  the  basis  for  the  soil  and  water 
protective  measures  listed  for  each  river  basin. 

Management-Currently,  one  of  the  greatest 
potentials  relative  to  forest  land  is  management  that 
recognizes  the  role  of  land  in  water  production  and 
adequately  provides  for  the  protection  of  soil  and 
water  values.  There  are  some  1,650,000  acres  of 
forest  land  in  the  Puget  Sound  Area  that  are  now 
under  low  levels  of  management.  In  addition,  much 
of  the  remaining  land  is  managed  at  a level  below  that 
needed  for  optimum  water  yields. 

Protaction  and  Rastoration-The  development 
of  forest  lands  for  the  various  goods  and  services  they 
provide  uses  a variety  of  measures  for  the  protection 
of  soil  and  water  values. 

Protective  measures  used  in  road  construction 
include  adequate  survey  and  design,  surface  drainage, 
stream  crossings,  and  stabilization  of  disturbed  soil 
areas.  These  measures  should  receive  adequate  con- 
sideration and  use  in  future  road  development. 

Occupancy,  or  the  use  of  forest  lands  for 
summer  homes,  resorts,  or  like  developments,  is 
projected  to  utilize  some  347,000  acres  of  forest  land 
by  the  year  2020.  Needed  soil  and  water  protective 
measures  are  essentially  the  same  as  those  discussed 
under  recreation. 

Natural  disasters,  including  fires,  floods,  storms, 
insects,  and  diseases,  will  continue  to  pose  problems 
in  forest  land  management.  Adequate  fire  control  and 
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detection  of  insect  and  disease  attacks  should  be 
provided  for  the  total  forested  area,  currently 
6,359,000  acres  excluding  open  land  normally  associ- 
ated with  forest.  Following  any  of  these  occurrences, 
adequate  measures  for  rehabilitation  and  soil  stabil- 
ization should  be  initiated. 

Potential  Projects-There  is  a large,  but  unreal- 
ized, potential  for  the  improvement  of  water  yields 
from  forest  lands.  Various  techniques,  including  cover 
conversion,  snowpack  management,  or  the  develop- 
ment of  structural  facilities,  can  materially  affect  the 
quantity  and  quality  of  water  from  forested  water- 
sheds. Unfortunately,  too  little  is  known  of  several 
aspects  of  this  complex  subject  to  allow  any  wide- 


spread application  of  the  techniques  at  the  present 
time.  There  is,  in  addition,  very  little  consideration  of 
this  potential  in  current  land  use  planning.  The 
primary  needs  at  the  present  time  may  be  defined  as: 

1 . The  establishment  of  goals  and  management 
objectives  as  previously  discussed  under  “Manage- 
ment.” 

2.  The  provision  of  needed  data  on  hydrology, 
geology,  soils,  silviculture,  climate,  and  economics  as 
related  to  forested  watersheds. 

3.  The  development  of  management  incentives 
such  as  providing  a return  to  managed  lands  for 
benefits  effective  in  offsite,  downstream  areas. 


INSTITUTIONAL  STRUCTURE 


The  development  and  use  of  land  and  water 
resources  in  the  Area  has  passed  through  historical 
periods  beginning  with  an  era  of  exploitation  when 
there  was  very  little  management  or  regulation  for 
future  use.  The  early  exploitation  has  given  way  to 
the  present  situation  where  increasing  competition  is 
coupled  with  greater  concern  for  sustaining  resource 
values  for  the  future,  and  when  increasing  manage- 
ment effort  and  regulation  assists  in  this  purpose.  It 
now  appears  that  rapid  economic  and  population 
growth  will  cause  the  Area  to  pass  into  a condition  in 
which  management  must  become  intense  and  regula- 
tion must  further  increase  if  sustained  use  of  water 
and  land  resources  is  to  be  coupled  with  retention 
and  improvement  of  environmental  qualities. 

Some  management  measures  are  for  rehabilita- 
tion and  protection  of  resources  and  consist  of:  (a) 
treatment  to  restore  damaged  resources  as  nearly  as 
practical  to  their  former  state  of  reserve  productivity; 
(b)  use  of  land  within  its  capability ; and  (c)  treatment 
according  to  use  to  prevent  further  deterioration  of 
soil  and  water  resources.  Other  measures  are  required 
to  develop  resources  for  production  efficiency  and 
environmental  betterment.  The  amount  of  manage- 
ment effort  expended  along  these  lines  is  now 
considerable;  and  this  effort,  coupled  with  the  natural 
ability  of  the  Area’s  land  and  water  resources  to 
l£.cover  from  damage,  has  succeeded  in  maintaining  a 
relatively  effective  hydrologic  balance  and  in  holding 
sediment  delivery  below  that  in  many  parts  of  the 
Nation. 


These  efforts  will  not  be  adequate  for  future 
years,  however.  The  collective  weighted  level  of 
accomplishment  of  management  on  forested  lands  is 
estimated  at  about  40  percent  efficiency  in  terms  of 
present  justifiable  implementation  and  must  be 
increased  to  meet  future  needs.1  A partial  record  of 
measures  for  watershed  protection  and  management 
accumulatively  applied  on  cropland  is  provided  in 
Table  2-8.  The  Table  indicates  in  a general  way  the 
kinds  and  amounts  of  measures  maintained  on  crop- 
land as  of  1966.  Many  of  the  measures  need 
intensification  on  the  acres  reported.  A somewhat 
subjective  judgment  is  that,  while  these  measures  may 
meet  present  production  requirements,  they  represent 
collectively  about  40  percent  of  the  implementation 
needed  for  protection  and  future  development. 

The  rapid  increase  in  population  and  economic 
growth  projected  through  the  year  2020  creates  an 
emergency  condition  within  the  Puget  Sound  Area 
requiring  great  effort  to  be  expended  if  productive 
use  and  environmental  quality  are  to  be  sustained  at 
reasonable  levels.  Failure  to  sustain  and  improve  these 
values  would  result  in  large  costs  through  oppor- 
tunities foregone. 

Some  of  the  measures,  once  installed,  are  fairly 
permanent  improvements;  others  require  periodic 
renewal.  All  measures  require  careful  maintenance  to 
insure  effectiveness  under  conditions  of  use.  These 
activities  require  a continuing  investment  of  public 

1 Sw  Present  and  Future  Needs  section  of  ttifa  Appendix. 


2-66 


TABLE  2-8,  Measures  for  watershed  protection  and 
management  on  cropland1 


T reatment  Measures 

Unit 

Accom- 

plished 

Erosion  Control  Measures 

Conservation  cropping  system 

acre 

210.600 

Pasture  and  hay  land  planting2 

acre 

10,000 

Cover  crop2 

acre 

24,000 

Flood  Prevention  Measures 

Dike  and  levee 

feet 

1,443,790 

Clearing  and  snagging 

feet 

211,500 

Streambank  protection 

feet 

892,500 

Stream  channel  improvement 

feet 

459,580 

Stream  channel  stabilization 

feet 

25,350 

Drainage  Measures 

Drainage  main  or  lateral 

feet 

7,042,420 

Drainage  field  ditch 

feet 

81,470 

Tile  drain 

feet 

5,790,860 

Irrigation  Measures 

Irrigation  system,  sprinkler 

number 

2,210 

Pipeline 

feet 

288,500 

Irrigation  water  management 

acre 

91,700 

Irrigation  pit  or  regulating 

reservoir 

number 

320 

Recreation  Measures 

Recreation  access  road 

feet 

1,105.360 

Wildlife  habitat  management 

acre 

107,180 

Farm  pond 

number 

1,010 

1 Measures  applied  cumulatively  through  1966,  as  recorded 
bySCS. 


O 

Conservation  measures  applied  annually. 

and  private  funds  for  installation,  maintenance,  and 
renewal. 

Land  administering  agencies  of  the  State  and 
Federal  Governments  are  responsible  for  these  costs 
on  lands  in  their  custody,  while  private  owners  are 
responsible  for  most  of  the  costs  on  private  lands. 
Various  agencies  of  the  State  and  Federal  Govern- 
ments1 maintain  programs  of  technical,  financial,  and 
credit  assistance  to  individuals,  local  organizations, 
and  subdivisions  of  government  in  accomplishing  this 
work.  Many  forms  of  regulation  are  employed  and  a 
recent  (1968)  amendment  to  the  State  Constitution 
will  make  it  possible  to  employ  preferential  taxation 
in  addition  to  other  incentives  for  proper  use  and 
management  of  land  and  water  resources. 

The  present  level  of  agricultural  development  in 
much  of  the  Area  is  limited  by  lack  of  effective 
community-type  structural  measures  to  reduce 
damages  from  floodwater  and  sediment,  similar 
measures  for  providing  agricultural  water  manage- 


ment, and  measures  for  improving  production  effi- 
ciency. Low  net  returns  to  farmers  ( 1 968)  discourage 
high  rates  of  investment  in  irrigation  and  other 
improvements  primarily  for  increases  in  production 
until  more  pressing  measures  of  a protective  nature 
are  installed. 

Many  existing  urban  areas  need  additional 
protection  from  floodwaters  that  cause  overloading 
of  combined  sanitary  and  storm  drainage,  and  for 
increasing  security  against  damage  to  property. 
Zoning  can  be  a useful  tool  in  control  of  water 
drainage  damages  and  in  preserving  water  quality.2 
Many  urban  areas  face  substantial  costs  in  attaining 
and  preserving  needed  levels  of  pollution  protection. 
New  developments  should  include  safeguards  when 
construction  is  planned. 

Many  of  these  problems  suggest  that  the 
entities  which  now  plan,  finance,  install,  and  maintain 
drainage  systems  near  urban  developments  are  too 
small  to  take  care  of  the  problem.  The  problem 
requires  that  an  inventory  of  the  present  and  future 
needs  be  established  for  all  waters  within  the  water- 
shed, whether  they  originate  within  city  boundaries 
or  in  the  countryside,  and  the  treatment  and  needs 
should  be  integrated  and  projected  for  the  life  of  the 
system.  This  will  apparently  require  larger  districts 
and  greater  powers,  not  only  for  the  conveyance  of 
water  but  also  for  the  economical  zoning  of  industrial 
and  urban  developments  so  that  these  needs  may  be 
cared  for  in  an  economical  manner.  In  the  planning 
process,  a need  arises  for  accurate  large-scale  aerial 
surveys  and  mapping.  Where  possible,  future  urban 
areas  should  be  intermixed  with  an  associated  but 
planned  open  space  for  buffering  purposes  so  that  the 
flows  can  be  kept  under  control.  In  some  cases, 
structures  to  provide  augmentation  of  low  stream- 
flows  for  pollution  abatement  and  other  purposes 
should  be  included. 

As  early  as  1895  the  first  drainage  districts 
were  formed  to  solve  the  subsurface  drainage  problem 
in  pockets  of  agricultural  land.  A little  later,  urban 
developments  began  to  solve  their  drainage  and 
surface  water  problems  by  installing  storm  and 
sanitary  sewers.  Many  of  these  developments  do  not 
have  sanitary  sewer  systems;  and  in  some  cases, 

1 Se«  Appendix  II,  Political  and  Legislative  Environment,  for 
agencies  providing  various  forms  of  assistance. 

2 See  Appendix  XIII,  Water  Quality  Control. 

3 Department  of  Water  Resources,  State  of  Washington. 
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improperly  treated  or  filtered  effluent  of  septic  tanks 
and  cesspools  enters  the  drainage  system,  giving  the 
water  derived  from  these  areas  a different  character 
than  that  derived  from  agricultural  land. 

At  present,  there  are  over  400  special  govern- 
mental units  in  12  Puget  Sound  Area  counties  that 
have  by  statute  some  form  of  control  over  water. 


either  in  its  procurement  and  distribution  for  its 
disposal.  While  many  of  these  entities  overlap  in 
territorial  boundaries  and  in  functions,  there  are  still 
many  areas  of  the  Puget  Sound  being  developed 
where  no  authority  exists  for  water  management.  See 
Table  2-9  for  the  number  of  these  governmental 
units,  by  counties,  existing  as  of  1966. 


TABLE  2-9.  Governmental  units  having  some  statutory  control  over  water1 
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Clallam 

3 

1 

1 

Island 

3 

4 

1 

4 

5 

Jefferson 

1 

1 

1 

King 

31 

12 

57 

25 

11 

3 

Kitsap 

4 

1 

20 

6 

Mason 

1 

2 

2 

Pierce 

18 

12 

2 

1 

8 

2 

San  Juan 

1 

1 

1 

1 

Skagit 

8 

1 

1 

9 

16 

Snohomish 

17 

2 

1 

13 

2 

4 

11 

Thurston 

6 

1 

1 

1 

4 

Whatcom 

7 

19 

1 

1 

5 

3 

9 

14 

1 Date  from  Department  of  Water  Resources.  State  of  Wellington.  Information  was  not  available  for  the  snail  portion  of 
Lewis  County  included  in  the  Area. 
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PRESENT  AND  FUTURE  NEEDS 

GENERAL  NEEDS 


The  needs  of  the  Area  begin  with  consideration 
of  the  numbers  of  people  and  the  combination  of 
their  requirements,  both  individually  and  collectively. 
Space  requirements  for  various  purposes  should  be 
fitted,  as  well  as  is  practical,  to  the  lands  best  suited 
for  these  purposes.  Many  land  areas  provide  multiple- 
purpose  uses. 

Space  requirements  for  development  to  meet 
the  needs  of  the  expanding  population  depend  on  the 
future  density  of  settlement.  It  is  expected  most  of 
the  new  population  will  be  urban  oriented  but  urban 
populations  can  be  dense  or  sparse.  Typical  urban 
development  in  the  past  has  been  rather  leapfrog 
fashion  in  search  of  cheap  land  and  other  real  or 
fancied  objectives.  The  pattern  thus  begun  will  result 
in  large  economic  costs  to  the  public  in  furnishing 
services  and  in  opportunities  foregone  for  improving 
the  environment.  Scattered  development  of  the  land 
and  water  resources  is  often  wasteful  and  frequently 
inequitable,  in  that  some  costs  which  should  be  borne 
by  the  entrepreneur  are  passed  on  to  the  public. 

Much  of  the  need  found  at  this  time  is  for 
better  planning  to  protect  the  interests  of  the  public 
and  the  environment  for  the  future.  Population  is 
expected  to  increase  from  about  2 million  in  1967  to 
4.3  million  by  2000,  and  6.8  million  by  2020.  During 
the  period  of  this  increase,  the  needs  of  the  public,  as 
contrasted  to  those  of  the  individual  entity,  will 
assume  greater  importance.  Clean  water,  clean  air, 
and  room  for  recreation  are  requirements  among 
many  others- including  moderately  priced  food, 
shelter,  and  services-that  are  desired  by  the  public. 
These  things,  if  provided,  will  require  public  invest- 
ments in  terms  of  taxes,  interest,  etc.,  but  will  be  far 
more  economically  and  satisfactorily  provided  at  this 
time  than  in  later  years. 

The  kinds  of  needs  considered  here  are  the 
measures  required  to  promote  stability  of  the  soil 
mantle,  to  reduce  degradation  of  the  water  and  land 
resources  by  flooding,  swamping,  and  sedimentation, 
and  to  provide  better  management  and  development, 
with  protection,  for  multiple  uses  of  the  watersheds. 


The  needs  most  apparent  now  are  those  to 
correct  exploitation  and  degradation  of  the  environ- 
ment and  provide  for  reasonable  density  and  effi- 
ciency in  present  and  future  development.  Needs  for 
legislation,  policy  clarification,  and  further  study  are 
discussed  in  the  Means  to  Satisfy  Needs  portion  of 
this  Appendix,  and  not  repeated  here. 

The  principal  watershed  management  needs  of 
the  Area  are  described  in  three  categories:  (1)  land  in 
urban  use  with  an  assumed  average  population 
density  of  six  persons  per  acre;  (2)  land  in  agriculture, 
or  other  low-density  use;  and  (3)  other  areas. 

NEEDS  OF  URBAN  LANDS 

Lands  in  or  expected  to  be  developed  for  urban 
use  often  require  characteristic  protective  measures. 
Improvements  generally  needed  are  better  selection 
of  land  for  varied  uses  and  installation  of  measures  to 
reduce  flood  hazard,  improve  urban  drainage, 
stabilize  soils,  reduce  hazard  of  pollution,  and  reduce 
costs  of  furnishing  public  services.  When  develop- 
ments are  based  on  good  planning,  these  intensive 
improvements  can  frequently  be  provided,  on  well- 
adapted  sites.  Environmental  factors  of  open  space 
and  recreational  sites  can  often  be  provided  in  areas 
considered  unsuited  for  many  types  of  construction. 
Improvements  to  established  developments  will 
require  large  investments  of  capital  and  considerable 
time  for  installation  but  provision  to  meet  these 
needs  in  new  developments  can  be  incorporated  with 
a large  saving  of  public  and  private  costs. 

In  order  to  project  the  gross  area  of  urban  lands 
needing  such  treatment,  future  alternate  average 
densities  of  six  persons  and  ten  persons  per  acre  of 
urban  use  were  compared.  These  densities  are 
assumed  to  largely  bracket  the  intensities  likely  to 
develop.  A minimum  average  density  of  six  persons 
per  acre  was  used  to  estimate  the  area  required  for 
developed  use,  and  to  estimate  treatment  required 
(Table  2-10).  Lesser  densities  cause  rapid  increases  in 
cost  of  public  services. 
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TABLE  2-10.  Urban  lands  naading  treatment 


Year 

Flood  Prevention 

Watershed  Protection 
end  Rehabilitation 

Drainage 

Dantity 
of  Six 
Parsons 
(acras) 

Density 
of  Ten 
Persons 
(acres) 

Density 
of  Six 

Persons 

teens) 

Density 
of  Ten 
Persons 
(acres) 

Density 
of  Six 
Persons 
( ectas) 

Density 
of  Ten 
Persons 
(acres) 

1963 

91,671 

91,671 

667,194 

667,184 

667,184 

667.184 

I960 

101,800 

91.671 

731,289 

667,184 

731,289 

667,184 

2000 

101,800 

91,671 

799,307 

667,184 

799,307 

667,184 

2020 

101,900 

91.671 

1.040,121 

676,900 

1,040.121 

676,900 

NEEDS  OF  LANDS 
IN  LOW  DENSITY  USES 

Lands  in  low  density  uses-croptands,  forests, 
and  other  lands -furnish  food  and  Tiber,  recreational 
opportunities,  and  esthetic  values.  Such  lands  also 
provide  the  water  supply  and  determine  to  a Lrge 
extent  the  nature  of  the  environment  enjoyed  by  the 
public.  Much  cropland  and  forest  is  in  private 
ownership  and  must  be  used  and  developed  under 
good  conservation  management  to  remain  in  good 
condition,  yield  a return  on  investment  and  labor, 
and  preserve  its  beneficial  aspects.  The  public  thus 
depends  on  individual  owners  to  protect  and  maintain 
many  desirable  qualities  of  the  environment,  and  the 
proper  use  and  maintenance  of  privately  owned  lands 
is  in  the  public  interest.  Some  of  this  land  is 
administered  by  Federal  or  State  land  management 
agencies  who  manage  the  land  on  behalf  of  the 
public. 

Croplands 

Much  of  the  best  cropland  is  located  on  the 
flood  plains  of  major  riven  and  tributaries  and 
requires  protection  from  floods,  erosion,  swamping, 
and  other  damages,  although  not  at  the  high  security 
level  of  urban  developments. 

Both  drainage  improvement  and  irrigation  will 
require  at  least  moderate  prior  protection  from 
overbank  flooding  and  sedimentation  in  areas  where 
these  conditions  persist.  Floodwater  damage  must  be 
prevented  to  the  extent  the  hazard  remaining  after 
protection  does  not  materially  exceed  other  risks 
before  development  measures  become  practical.  The 
level  of  protection  needed  may  increase  in  future 
yean  as  the  investment  in  agriculture  increases.  In 
some  cases  lesser  levels  of  protection  have  been 
deemed  profitable.  Reduction  of  flood  damages  is 


needed  on  454,400  acres  of  farmland,  and  measures 
to  accomplish  this  should  be  installed  before  2020 
(tee  Table  2-12). 

Watershed  protection  and  rehabilitation 
measures  needed  are  a combination  of  vegetative  and 
structural  measure  selected  on  the  basis  of  land  use  to 
supplement  the  natural  defenses  of  the  land  against 
excessive  toil  loss.1  When  the  use  is  properly  fitted  to 
the  capability  of  the  land,  the  cost  of  treatment 
measures  is  nominal;  but  where  the  use  exceeds  the 
capability,  the  cost  of  effective  protection  may  be 
excessive.  Erosion  prevention  measures  are  needed  on 
525,000  acres  of  farm  land  and  106 /XX)  acres  of 
range  land  by  2020  (Table  2-12).  The  cropland 
considered  is  presently  used  for  crops  and  only 
incidental  areas  are  expected  to  represent  new  lands 
to  be  used  for  farming  purposes. 

The  present  cost-price  squeeze  is  forcing  rapid 
changes  in  agriculture.  Many  farms  are  operating  on  a 
marginal  basis  in  growing  wetness-tolerant  crops 
because  of  the  limitations  of  the  soil  conditions. 
There  is  an  awareness  of  the  need  to  intensify  and 
diversify  production  which  will  depend  on  better  soil 
moisture  conditions. 

Irrigation  is  needed  on  much  of  the  cropland  to 
further  modify  the  ability  of  the  soil  to  grow  crops 
and  shift  cropping  patterns  to  meet  market  needs. 
The  installation  of  irrigation  to  meet  seasonal  short- 
ages of  water  will  follow  for  the  most  part  the 
installation  of  some  degree  of  drainage  improvement. 
Continued  expansion  of  irrigation,  in  turn,  may 
necessitate  installation  of  drainage  improvements. 
Much  irrigation  will  continue  to  be  an  individual 
enterprise  from  ground  and  surface  waters  but  project 
development  of  irrigation  will  assume  greater  impor- 

^ Detailed  explanations  of  rneesuree  recommended  for  con- 
a moot  w lien  Batin  art  wMinit  wrougn  kx»  ton  ana 
wittr  conservation  districts. 
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tance  with  time.  Irrigation  will  be  needed  on  396,000 
acres  by  2020  (see  Table  2-12). 

Most  of  the  drainage  and  irrigation  improve- 
ments now  in  the  Puget  Sound  Area  are  installed  and 
maintained  on  private  farms  as  a result  of  individual 
enterprise  responding  to  economic  opportunity.  This 
will  continue  to  be  the  situation  but  at  a diminishing 
rate.  To  a great  extent,  advantage  has  now  been  taken 
of  the  more  apparent  physical  opportunities  for 
improvement  of  drainage.  In  future  years,  a larger 
proportion  of  drainage  improvements  will  be  contin- 
gent on  the  prior  installation  of  group  projects  for 
reduction  of  floodwater  damage  and  hazard;  and  for 
providing  improved  drainage  outlets  serving  groups  of 
farm  units.  Installation  of  projects  for  reduction  of 
hazard,  and  for  providing  physical  outlets  for  drain- 
age will  stimulate  the  rate  of  on-farm  drainage 
improvement. 

The  diversity  and  scattering  of  individual  farm 
improvements  make  it  difficult  to  accurately  estimate 
the  rate  of  installation  of  drainage  measures  at  any 
point  in  time.  It  is  estimated,  on  the  basis  of  local 
observations,  that  the  present  average  annual  rate  of 
drainage  improvement  will  need  to  be  tripled  by 
1980,  and  that  this  increase  will  be  possible  only  with 
implementation  of  projects  for  flood  damage  reduc- 
tion and  group  drainage.  The  early  action  projects 
described  in  this  Appendix  (Table  2-20)  will  supply  a 
major  part  of  the  opportunity  (189,519  acres)  for 
meeting  the  1980  needs  shown  in  Table  2-12  as 
216,700  acres.  The  remaining  needs  (27,181  acres  by 
1980)  can  be  met  by  individual  improvements 
without  specific  project  action.1 

Irrigation  has  been,  and  will  remain,  largely  an 
individual  choice  for  the  farm  manager  but  is  not 
likely  to  become  a highly  attractive  management 
opportunity  until  more  pressing  problems  affecting 
production  efficiency  are  resolved.  Irrigation  as  a 
management  device  will  become  more  attractive  as 
flood  prevention  and  drainage  improvements  are 
assured.  Most  irrigation  will  be  installed  through 
individual  management  decisions  resulting  from  eco- 
nomic opportunity.  In  a similar  way,  projects  deemed 
feasible  for  construction  after  1980  will  provide 
opportunities  to  develop  needed  amounts  of  produc- 
tion efficiency  improvements. 


1 Refsr  to  Appendix  V,  Watar-Rslatsd  Land  Rtwurcss, 
Chapter  2,  Agriculture,  for  benefit!  to  be  expected  from 


Forest  Lands 

The  major  influences  affecting  land  stability 
and  water  conditions  in  forest  lands  have  been 
identified  as  harvesting  of  trees,  road  construction, 
management  for  watershed  protection,  occupancy, 
natural  disasters,  and  recreation. 

Roads  and  Trails-One  of  the  principal  needs  of 
forest  lands  at  the  present  time  is  access.  About  five 
miles  of  permanent  road  and  fifteen  miles  of  tempor- 
ary road  are  required  for  managing  and  harvesting  one 
square  mile  of  forest  land.  Temporary  roads  are 
closed  following  completion  of  the  use  for  which 
they  were  built  but  require  periodic  reopening  as 
management  needs  warrant.  Portions  of  this  access 
system  are  also  utilized  in  recreation  and  forest 
management. 

Construction  of  roads  causes  many  water 
quality  problems  in  forested  areas.  Treatment  of 
these  disturbed  areas  requires  more  intensive  mulch- 
ing, fertilizing,  and  planting  of  disturbed  areas,  as  well 
as  improved  management  in  road  location  to  avoid 
unstable  soil  areas.  Improved  bridges,  water  bars,  and 
land  stabilization  measures  will  be  required.  Water- 
ways and  streams  are  critical  areas,  and  it  will  become 
necessary  to  keep  these  areas  clear  of  debris  and  other 
waste. 

Logging-in  future  years  will  continue  to  be  a 
potential  source  of  sediment  and  debris.  Measures  to 
alleviate  these  problems  include  adequate  reconnais- 
sance, unit  layout,  and  selection  of  suitable  logging 
methods.  Following  logging,  measures  for  rehabilita- 
tion of  the  disturbed  areas  should  be  utilized. 

Table  2-11  projects  by  planning  periods  the 
number  of  miles  of  road  developments,  and  the 
number  of  acres  to  be  logged. 

Natural  Disasters— Fires,  floods,  windstorms, 
disease,  and  insect  damage  affect  the  timber  cover 
and  thus  are  related  to  the  watershed  condition.  Fire 
is  sometimes  caused  by  man  and  this  hazard  may 
increase  with  greater  recreational  use  of  forest  lands. 
This  will  require  more  management  of  access  roads 
and  fire  detection.  Windstorms  and  other  types  of 
disasters  will  create  management  problems  also. 

Forest  Management-Most  of  the  needs  can  be 
identified  as  related  to  management.  The  need  for 
management  to  assure  a supply  of  high  quality  water, 
or  for  other  uses  of  the  forested  area,  varies  with  each 
watershed.  Many  of  these  specific  needs  will  become 
apparent  only  in  future  years.  Estimates  of  needs, 
therefore,  and  means  to  satisfy  needs,  can  be  deter- 
mined only  on  the  basis  of  averages. 
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TABLE  2-11.  Protected  forest  land  road  development  and  cutting,  by  planning  periods 


Planning 

Period 

Forest  Roads 

Forests  Logged 

Permanent 

(mi.) 

Temporwy 

(ml.) 

Total 

(mi.) 

Harvest 

Cuts 

(acres) 

Intermed 

Cuts 

(acres) 

Total 

(acres) 

1966-1980 

9,300 

36,100 

46.400 

885.100 

667,900 

1,463.000 

1960-2000 

11,300 

61,600 

62,800 

1,066,600 

1,446,700 

2.602,300 

2000-2020 

12,100 

90,600 

102,600 

1,004,000 

1,922,400 

2,926,400 

Total 

32,700 

178,100 

210,800 

2.944.700 

3.937.00J 

6881,700 

Good  management  may  include  irrigation  and 
drainage  of  selected  areas.  Most  such  improvements 
will  be  needed  on  suitable  lands  of  less  than  30 
percent  slope. 

An  estimated  6,693,000  acres  of  forested  lands 
will  be  in  need  of  watershed  rehabilitation  and 
protection  by  2020.  Irrigation  and  drainage  needs  are 
not  known  but  soil  studies  have  shown  that  about 
635 /XX)  acres  of  forest  lands  are  potentially  irrigable. 
These  needs,  or  potential  needs,  are  based  on  the 
expected  demand  for  increased  production  from  less 
land  (see  Appendix  VI,  Economic  Environment). 

The  management  of  national  forests  is  fre- 
quently summarized  in  four  categories:  administra- 
tion, protection,  restoration,  and  water  yield 
improvement.  The  first  three  categories  are  estimated 
to  be  currently  funded  at  about  two-thirds  of  the 
total  needed,  while  water  yield  improvement 
currently  receives  virtually  no  funding.  The  entire 
United  States  Forest  Service  program  for  the  early 
action  period  is  therefore  funded  at  about  60  percent 
of  the  total  needed. 

This  information  covers  only  national  forest 
lands  and  the  need  for  similar  work  on  other  forest 
land  is  asnimed  to  be  comparable  to  that  on  national 
forests.  Current  expenditures  range  from  about  60 
percent  of  the  needs  for  certain  public  and  large 
private  owners  to  almost  zero  percent  for  some  small 
private  ownerships.  The  total  expenditure  is  probably 
lets  than  40  percent  of  the  need.  This,  of  course, 
reflects  management  intent  as  well  as  available  fund- 
ing. 

OTHER  NEEDS 

Racrwtkxi 

The  demand  for  recreation  in  the  Puget  Sound 
Area  is  expected  to  increase  seven  timet  between  the 
years  1960  and  2020.  To  satisfy  the  2020  demands. 


the  development  of  an  estimated  40 /XX)  acres  of 
forest  and  other  lands  for  campgrounds,  picnic 
grounds,  and  like  facilities,  is  estimated.  Some  places 
will  require  additional  practices,  such  as  rotation  of 
recreational  areas.  Measures  needed  for  soil  and  water 
protection  in  recreational  areas  will  include  the 
stabilization  of  disturbed  soil  and  provision  for 
adequate  sewage  and  garbage  disposal. 

Beach  Management 

Many  beach  areas  are  valuable  resources  as 
habitats  for  marine  life  and  as  recreational  sites. 
Beach  features  frequently  provide  opportunities  for 
small  boat  moorages  and  other  unique  features. 

Management  of  localized  beach  areas  by  the  use 
of  structural  measures  can,  variously,  stabilize  the 
accumulation  of  sediment,  encourage  accretion,  or 
induce  removal.  The  use  of  structures  in  this  way  is 
not  widespread  in  the  Area  and  requires  careful  and 
detailed  study  of  objectives,  site  characteristics,  and 
use  of  structures  that  are  inherently  expensive  to 
construct  and  maintain.  Since  such  work  modifies  the 
natural  manner  of  disposition  of  beach  sediments, 
structures  aimed  at  increasing  beach  accumulations  at 
one  point  may  result  in  removing  material  from  some 
nearby  depository. 

The  Puget  Sound  Area  has  over  2 /XX)  miles  of 
coastline  and  future  stabilization  of  selected  areas 
may  justify  greater  construction  for  beach  manage- 
ment. The  extent  and  need  for  such  work  will  require 
a future  study  to  locate  and  evaluate  needs  for 
restoration,  protection,  or  development  of  specific 
sites. 

Shor»I«nd« 

Puget  Sound  shorelands,  as  well  as  the  margins 
of  many  natural  and  artificial  lakes,  have  increasing 
value  as  homesites,  recreational  areas,  and  for  other 
uses.  Many  of  these  shores  require  rehabilitation  and 
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treatment  to  prevent  loss  of  land  and  other  property, 
to  preserve  unique  values,  and  to  lessen  damages  to 
the  contiguous  water  resource. 

Fish  and  Wildlife  Habitat 

Fish  and  wildlife  resources  usually  share  the  use 
of  the  land  and  water  of  watersheds  with  other 
purposes.  Measures  for  rehabilitation  and  protection 
of  watershed  lands  are  needed  to  protect  and  enhance 
these  values.  In  many  cases,  management  objectives 
need  better  definition.  Specialized  resource  manage- 
ment practices  may  be  required  in  watersheds  where 
enhancement  of  these  resources  is  a specific  part  of 
management  objectives. 

Pollution  Hazard  Reduction 

Many  pollutants  are  carried  by  sediments  and 
liquid  flows  from  land  areas.  Need  for  reduction  of 
this  hazard  will  increase  with  population  and  with 
increased  dependency  on  high  water  quality.  Principal 
needs  will  be  for  improved  land  management,  in- 
cluding flood  prevention,  low  flow  augmentation  of 
selected  streams,  drainage,  and  watershed  protection. 

Low  Flow  Augmentation  of  Strew* t-The 
climatic  pattern  of  the  lowland  area  is  conducive  to 
greatly  diminished  flow  of  streams  during  summer 
months.  In  some  streams  this  low  flow  denies  the 
Area  of  considerable  potential  benefits  in  recreation, 
fish  and  wildlife  habitat,  and  water  quality.  Land 
treatment  and  structural  measures  are  needed  to 


provide  specific  benefits.  Often  the  need  is  for 
formulation  of  management  objectives  prior  to 
planning. 

Stream  bank  Stabilization-Streambank  stabil- 
ization is  important  to  reduce  land  loss,  property 
damage,  and  sediment  delivery  and  to  improve  stream 
quality.  Over  1,000  miles  of  streambank  are  esti- 
mated to  require  stabilization. 

Needs  for  Vector  Control-Miscellaneous  needs 
for  drainage,  seepage  control,  and  similar  activities 
near  structures  and  in  areas  requiring  drainage  are 
noted  for  the  purpose  of  control  of  vectors  associated 
with  management  of  water  and  land  resources.  The 
needs  for  vector  control  include  appraisal  and  evalua- 
tion of  potential  conditions. 

WMar  Yield  Improvement -The  need  for  study 
of  specific  locations  where  water  yield  can  be 
improved  is  recognized.  Improvements  for  this 
purpose  are  not  anticipated  prior  to  1980.  Specific 
small  areas  for  pilot  operation  and  study  prior  to 
1980  may  be  advisable. 

Research  and  Other  Stmhes-Nccds  for  soil 
surveys,  beach  erosion  surveys,  sediment  monitoring 
and  study,  are  recognized,  together  with  continuation 
and  acceleration  of  research  associated  with  agricul- 
ture, and  the  physical  sciences  related  to  agriculture, 
under  Area  conditions.  Certain  needs  for  policy 
clarification  and  legislation  are  also  noted.  These 
matters  are  discussed  more  fully  under  Means  to 
Satisfy  Needs. 


SUMMARY  OF  NEEDS 


Determination  of  needs  in  the  broad  categories 
of  floodwater  damage  reduction,  watershed  rehabil- 
itation and  protection,  agricultural  water  manage- 
ment, and  urban  drainage  benefit  most  purposes  of 
management  for  multiple  use  of  watershed  lands. 
These  measures  also  serve  to  protect  and  enhance  fish 
and  wildlife  habitat,  recreation  sites,  and  water 
quality,  and  many  other  public  and  private  purposes 
of  management. 

The  present  and  future  needs  for  watershed 
management  in  the  Puget  Sound  Area  are  summarized 


in  Tables  2-12  and  2-1 2A.  This  compilation  shows,  by 
types  of  land  use,  the  number  of  acres  on  which 
measures  are  or  will  be  needed  for  floodwater 
prevention,  watershed  protection  and  rehabilitation, 
drainage  improvement,  and  irrigation  development  if 
the  land  is  to  continue  safely  in  the  use  indicated. 
This  generalization  does  not  take  into  account  quanti- 
tatively many  other  potential  purposes,  such  as 
improvement  of  water  quality,  recreation  sites,  or  fish 
and  wildlife  habitat,  which  may  be  among  the 
features  of  specific  projects. 


TABLE  2-12.  Present  and  future  need!  for  watershed  management1 


Land  Use 
A Year 

Floodwater 

Prevention3-3 

(acres) 

Watershed 
Protection  A 
Rehabilitation3'4 
(acres) 

Drainage 

Improvement3 

(acres) 

Irrigation 

Development3 

(acres) 

Cropland 

I960 

454,400° 

659,000 

216.700 

183,200 

2000 

454,400 

644,400 

361,600 

246,700 

2020 

454,400 

631,300 

482,100 

396,000 

Intensive  Land  Use 

1980 

101,800 

731,400 

731,400 

NA6 

2000 

101,800 

799,400 

799.400 

NA 

2020 

101,800 

1,040,200 

1,040,200 

NA 

Forest  Land7 

I960 

NA 

6,979,300 

NA 

NA 

2000 

NA 

6,927,000 

NA 

NA 

2020 

NA 

6,693,000 

NA 

634,900s 

Unclassified  Uses 

I960 

NA 

34,700 

NA 

NA 

2000 

NA 

33,600 

NA 

NA 

2020 

NA 

39,700 

NA 

NA 

1 Figures  (rounded)  are  from  unadjusted  measurements  of  Cooperative  Soil  Survey  maps  and  aerial  photographs,  made  in 
1966  for  the  Puget  Sound  Area  study. 

3 Includes  areas  subject  to  overbank  flooding  of  main  streams. 

3 Needed  for  full  agricultural  development  (See  Appendix  V,  Water-Related  Land  Resources,  Chapter  2,  Agriculture). 

4 Includes  106,300  acres  of  range  land. 

6  Includes  1,200  acres  of  land  in  transition. 

6 Not  available;  meaning  either  not  computed  or  not  applicable. 

7 I ncludea  tome  non-fore rted  land  ateociated  with  forested  areas. 

8 Potentially  irrigable  land  as  shown  in  Appendix  V,  Water-Related  Land  Resources,  Chapter  3,  Forestry. 

TABLE  2-12A.  Atm  of  watershed  management  needs  in  thousands  of  acres  by  basins,  Puget  Sound  Area1 


rnwni  to  19S0  1980  to  2000  2000  to  2020 


NookwckSunwi 

136  1 

792  2 

664 

33.6 

60.0 

136.1 

792.2 

92.3 

33.6 

80.0 

136.1 

792.2 

123  1 

33.6 

116.0 

flAMit  f?  wn  lUi 

sewaV'i-'aarrsierr 

166  4 

1.9126 

490 

36  9 

400 

166  4 

1.912.6 

•1.7 

36.9 

600 

166.4 

1,912.6 

106.9 

369 

96.0 

SttMtufmah 

34.0 

433.6 

136 

12.6 

11.7 

34.8 

433.6 

22.6 

12.6 

16.8 

34.8 

433.6 

30.1 

13.0 

30.0 

Whidbay-Cameno 

26.6 

1329 

0.6 

23.4 

3.6 

26.6 

132.9 

14.4 

23.4 

6.0 

266 

132.9 

192 

23.4 

10.0 

Snehomigh 

934 

1,1946 

26.7 

667 

24.0 

93.4 

1,194.6 

42.9 

810 

300 

93.4 

1,194.6 

87.2 

130.1 

480 

Cedar 

27.2 

363  9 

3.2 

1960 

20 

27.2 

363.9 

6.4 

236  2 

3.0 

27  2 

363.9 

7.2 

303.6 

6.0 

OfMfl 

367 

340  2 

7.4 

669 

6.0 

38  7 

340.2 

12.4 

81.1 

7.0 

367 

340.2 

16.6 

130.2 

14.0 

ruyWvp 

66. 2 

760.0 

12.0 

123.2 

0.0 

06.2 

7690 

19.9 

123.6 

10.0 

66.2 

769  0 

26.6 

190.6 

26.0 

NnouMy 

36.6 

464  6 

3.6 

11.6 

4.0 

36.6 

464.8 

60 

11.8 

60 

366 

464.8 

9.0 

11.9 

7.7 

OmgHuim 

319 

1909 

1.7 

260 

26 

319 

1808 

30 

280 

30 

31.9 

180.8 

3.9 

260 

4.3 

Wwt  Sound 

71.0 

1.391.4 

17.1 

109.4 

6.0 

71.0 

1,261.4 

26.6 

106.4 

7.0 

71.0 

1,261.4 

36.1 

106.4 

16.0 

Eharho-DunpnMt 

16.9 

446  6 

96 

11.0 

17.0 

16.9 

446.6 

16.1 

11.0 

180 

16.9 

446.6 

21.4 

11.0 

220 

Son  Juan 

173 

1116 

9.9 

11.0 

.6 

17.3 

111.6 

164 

11  9 

1.0 

17.3 

111.6 

21.9 

11.9 

4.0 

Total 

747.0 

6.404.2 

316.7 

731.4 

163.2 

747.0 

6,404.2 

361.7 

7996 

2468 

747.0 

0.404.2 

462.1 

1,040.3 

396.0 

1 Uned|utted  measurements  for  Puget  Sound  Area  Study. 

3 Included  in  this  total  are  191,000  acres  of  forest  land  that  floods.  No  project  works  of  improvement  are  expected  while  in  forest 
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MEANS  TO  SATISFY  NEEDS 


Development  of  the  land  and  water  resources  to 
satisfy  the  needs  of  the  people  is  accomplished  in 
three  ways:  (I)  by  individual  development;  (2)  by 
community  or  group  activity;  and  (3)  through  a 
program  and  project  type  of  assistance  to  individuals, 
groups,  or  communities  under  legislative  authority. 
The  prime  mom  of  any  project  or  program  is  the 
individual,  or  group  of  individuals,  interested  in 
accomplishing  a preconceived  goal. 

This  section  of  Appendix  XIV  deals  with  what 
is  recommended  as  the  “means”  or  methods  of 
accomplishing  the  goals.  The  concern  here  is  with 
investments  in  watershed  management  and  conserva- 
tion. The  public  has  an  interest  in  such  measures  as 
they  influence  the  environment  for  many  social  and 
economic  values.  These  values  depend  on  adequate 
stewardship  of  the  natural  resources.  This  portion  of 
the  Appendix,  in  effect,  presents  a plan  for  develop- 
ment and  management  of  the  land  and  water 
resources  of  the  Puget  Sound  Study  Area  under 
conditions  of  sustained  use  to  best  satisfy  the  needs 
and  wants  of  an  expected  population  of  6.8  million  in 
the  Area  by  the  year  2020.  The  means  to  be  used  in 
accomplishing  the  plan  are  discussed  under  several 
categories: 

1.  Legislative  and  policy  clarification  and 
implementation  to  furnish  additional  guidance 
reflecting  the  public  interest  in  production  and 
environmental  quality,  and  in  overcoming  institu- 
tional obstacles  in  the  interests  of  efficiency  and 


clarification  of  objectives. 

2.  Additional  study  and  research  on  physical, 
social,  and  economic  factors  generally  having  long- 
term but  not  fully  evaluated  effects  on  the  public 
welfare.  Encouragement  of  formal  technical  educa- 
tion in  resource  management  to  assure  a supply  of 
competent  resource  planners;  and  continuing  and 
more  adequate  dissemination  of  information  needed 
for  guidance  of  the  public  to  improve  general 
awareness  of  environmental  and  production  matters 
that  are  increasing  in  importance  in  the  Area. 

3.  Continuation  and  acceleration  of  on-going 
programs  aimed  at  private  and  public  development 
and  improvement  of  resources  of  land  and  water 
without  accompanying  degradation,  and  reflecting 
the  public’s  interest  in  the  use  of  resources  by 
incentives  based  on  full  consideration  of  present  and 
future  productive  and  environmental  qualities.  Early 
action  and  other  projects  are  presented  as  formalized 
portions  of  such  programs  where  group  action  is 
needed  to  accelerate  the  work,  and  where  feasible. 

4.  Projects  and  programs  of  various  agencies 
are  considered  and  related  to  needs  of  the  Area. 
Additional  emphasis  is  given  to  United  States  Depart- 
ment of  Agriculture  programs  not  presented  else- 
where, and  to  coordination  of  USDA  programs  with 
those  of  other  agencies  of  the  State  and  Federal 
Governments  in  an  early  action  program  to  achieve 
goals  for  the  Area. 


PROGRAM  OF  ACCOMPLISHMENT 


Land  in  the  Puget  Sound  Area  is  generally  well 
protected  from  accelerated  deterioration  at  the 
present  time.  This  is  a result  of  rapid  growth  of 
vegetation  characteristic  of  the  Area,  assisted  by 
reasonably  good  management  under  present  use. 
State  and  Federal  agencies  actively  assist  landowners 
in  management  problems  and  in  protection  against 
natural  disasters.1  The  present  level  of  management 
thus  provides  fairly  good  protection  under  present 
levels  of  use  but  will  not  be  adequate  for  more 


intensive  uses  in  the  future,  and  denies  adequate  lead 
time  for  projects  to  become  fully  operative  to  meet 
future  needs.  Careful  choice  of  land  for  various  uses 
and  full  implementation  of  measures  for  rehabilita- 
tion, protection,  and  development  is  required. 

About  85  percent  of  the  watershed  lands  of  the 
Puget  Sound  Area  presently  are  forested  or  in  crops. 
This  relatively  high  percentage  of  open-use  land  is 

1 Appendix  II,  Political  and  Legislative  Environment. 
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expected  to  decrease  in  future  years  to  accommodate 
urban  growth;  however,  the  plan  of  land  use  advanced 
in  Appendix  V,  Water-Related  Land  Resources, 
Chapter  2,  Agriculture,  and  Chapter  3,  Forestry , is  to 
retain  and  develop  certain  kinds  and  amounts  of  land 
best  adapted  for  productive  uses. 

Despite  the  reduction  in  the  areas  projected  for 
cropland  and  forest  uses,  better  management  of  the 
best  agricultural  land  will  enable  production  in  the 
Puget  Sound  Area  to  increase  with  time  at  a rate 
which  will  provide  the  share  of  national  production 
of  food  and  Tiber  in  2020  that  is  projected  in 
Appendix  IV.  This  share  is  based  on  the  estimated 
increase  in  population  nationally  rather  than  on  the 
greater  increase  projected  for  the  Area,  and  indicates 
the  Area  must  increase  the  percentage  imported  of 
some  agricultural  products  above  present  levels.  The 
means  of  protecting,  managing,  and  improving  water- 
shed lands  for  productive  urban  and  environmental 
purposes  is  discussed  herein. 

This  Appendix,  under  Present  Status  and  Poten- 
tial, gives  the  present  condition  of  related  lands  in  the 
Area  and  examines  the  potential  of  the  land  resource 
for  development  to  meet  various  uses,  including 
increased  production.  It  also  sets  forth  the  kinds  and 
amounts  of  protective  measures  and  development 
required  to  accommodate  production  goals,  as  well  as 
similar  measures  and  spatial  requirements  for  other 
purposes,  including  an  average  population  density  of 
six  persons  per  acre  in  areas  to  be  developed  for 
urban  use. 

It  appears  that  with  a planned  program  of 
resource  use  and  development,  the  Area  has  adequate 
land  and  water  resources  to  satisfy  the  needs.  Certain 
present  trends  in  unplanned  urban  use  of  better 
agricultural  lands,  if  projected,  would  in  time  deplete 
the  cropland  base.  Since  one  purpose  of  planning  is  to 
reverse  adverse  trends,  certain  policy  constraints  and 
incentives  are  recommended  to  reserve  for  farm  use 
approximately  6 percent  of  the  Area.  This  will  be  the 
best  agricultural  land  which  is  located  mainly  in  the 
flood  plains  of  rivers  and  tributary  streams. 

The  plan  for  development  and  use  of  the  land 
and  water  resources  of  the  Puget  Sound  Area  consists 
of  related  programs  and  projects.  A program  is  a plan 
of  procedure  to  accomplish  the  desired  management, 
construction  projects,  education,  information,  and 
financial  assistance  has  been  included.  A project  is  a 
formal  endeavor  within  a program  to  accomplish  a 
segment  of  the  overall  program.  The  Puget  Sound 


Area  will  require  legislation  to  provide  moderate  land 
use  regulation;  appropriations  for  technical  assistance 
programs;  appropriations  for  assistance  in  needed 
structural  works  of  improvement;  other  incentives; 
and  information  and  assistance. 

LEGISLATION  AND  POLICY 
CLARIFICATION 

The  expectation  of  ever-increasing  population 
requires  that  the  land  be  guarded  from  improper  use 
and  protected  with  the  technology  gained  through 
practice  and  research.  In  1968,  there  were  approxi- 
mately two  and  one-half  acres  of  arable  land  per 
capita  in  the  United  States.  This  is  expected  to  drop 
to  one  and  one-quarter  acres  per  person  by  2020  as  a 
result  of  increased  population.  With  nearly  three- 
fourths  of  the  continental  United  States  comprised  of 
non-arable  land,  the  selection  of  suitable  land  for 
urban  use  need  not  encroach  indiscriminately  on  the 
arable  land  nationally,  and  this  is  true  for  the  Puget 
Sound  Area  as  well. 

As  means  to  aid  in  achieving  the  desired  goals, 
the  following  are  selected  items  that  appear  to  need 
implementation  or  improvement  in  their  political  and 
legislative  aspects.  The  list  is  not  intended  to  be 
comprehensive. 

Land  Use  Regulation  and  Incentives 

To  aid  owners  and  developers  select  proper 
development  sites,  legislation  is  needed  to  allow 
competent  technicians  to  determine  the  capability 
and  suitability  of  the  land  for  use,  and  to  provide  the 
State  with  objective  means  to  legally  designate  the 
use  for  future  generations.  Within  a free  economy, 
this  restriction  of  ownership  rights  must  provide 
compensation  and  other  incentives.  Legislation  is  also 
needed  as  a means  of  fixing  final  authority  for  overall 
planning  control  in  a competent,  non-competitive 
agency  such  as  the  State,  under  which  detailed 
planning  can  function  in  a way  best  suited  to  the 
public  good. 

Land  Uaa  Regulatory  Maa«ir*s-  Effective  and 
intelligent  application  of  firm  regulatory  measures  is 
needed  in  the  public  interest  for  a number  of  reasons: 

With  such  regulation,  developments  can  be 
zoned  out  of,  or  controlled  in,  flood  susceptible  areas 
to  avoid  compounding  the  cost  of  flood  protection. 
Developments  allowable  in  such  areas  can  be  limited 
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to  agriculture,  or  other  open  or  semi-open  use,  so  that 
damageable  values  are  kept  within  reasonable  limits. 

Areas  of  scarce  but  valuable  land  needed  for 
production  of  food  or  fiber  can  be  protected, 
safeguarding  against  urban  sprawl  or  activities  having 
widespread  or  long-range  undesirable  effects  on  the 
environment.  Residential  or  commercial  development 
can  be  restricted  to  sites  where  sanitary  sewers  are 
available. 

Critical  areas  of  watersheds  requiring  protection 
for  the  benefit  of  downstream  values  can  be  deline- 
ated and  protected.  Benefits  would  include  stream 
regimen  protection,  and  protection  from  silt  damage 
and  other  deterioration.  The  State  can  assist  counties 
and  municipalities  in  establishment  and  enforcement 
of  zoning. 

Preferential  Taxation-and  other  incentives  can 
be  used,  together  with  land  use  regulation,  to 
encourage  permanent  dedication  of  land  to  agricul- 
ture or  other  open  use  in  the  public  interest  in  areas 
subject  to  urban  development.  Enabling  legislation 
was  passed  by  the  State  of  Washington  Legislature  in 
1968  permitting  taxes  to  be  based  on  use  rather  than 
on  speculative  value. 

Critical  Area  Treatment  and  Development 

The  land  surface  and  its  condition  is  a vital  link 
in  the  hydrologic  cycle.  The  physical,  ecological,  and 
biological  condition  of  variable  areas  of  each  water- 
shed may  be  considered  vital  to  the  stability  of  the 
soil  mantle,  prevention  of  sediment  damage,  and 
prevention  of  pollution,  with  preservation  of  toler- 
able stream  regimens.  In  some  cases,  critical  areas  of 
watersheds  must  be  protected,  and  possibly  treated, 
in  the  public  interest  regardless  of  present  ownership. 
To  this  extent  the  public  should  have  the  means  of 
acquiring,  and  treating  or  protecting  critical  areas. 
Other  powers  should  include  the  supervision  of  land 
use,  intensity  of  use,  and  application  of  protective 
measures  or  treatment  required.  Examples  might 
include  fire  protection;  prevention  or  regulation  of 
logging,  roadbuilding,  and  urban  developments; 
installation  and  maintenance  of  treatment  measures, 
such  as  improvement  of  waterflow  channels,  refores- 
tation, construction  of  terraces  and  outlets,  water 
impoundments,  and  water  spreading  devices.  Some 
legislation  or  policy  revision  may  be  required  as  a 
means  of  implementing  these  needs  and  provide  for 
compensation  to  individual  owners,  where  necessary, 
for  damages. 

Pollution  Control-Current  methods  of  dis- 
posing wastes  into  the  ground,  the  atmosphere,  or  the 
waters  will  require  careful  analysis  and  supervision. 


Waste  products  include  not  only  complex  variations 
of  organic,  chemical,  and  radioactive  materials,  but 
sediments  from  watershed  and  stream  erosion.  Care 
should  be  taken  to  distinguish  between  tolerable 
levels  of  geologic  or  semi-geologic  erosion  and  acceler- 
ated erosion  that  is  preventable  by  good  watershed 
management  and  stream  protection.  Regulation 
should  include  activities  producing  inordinate 
amounts  of  sediment.  The  implementation  of  good 
management  and  preventive  measures,  including 
maintenance,  will  require  regulation,  and  in  some 
cases  subsidy  by  public  funds. 

Stream  Improvement-This  may  be  taken  as 
control  of  streams  to  prevent  flooding  and  sediment 
damage,  including  pollution,  as  well  as  augmentation 
of  low  flows  to  prevent  damage  to  fish,  wildlife 
habitat,  and  aesthetic  values.  Much  can  be  done  to 
enhance  the  natural  value  of  the  streams  in  the  public 
interest.  In  some  cases,  this  work  may  require  subsidy 
or  compensation  of  individual  owners,  with  active 
participation  of  State  and  Federal  agencies. 


Coordination  in  Planning  and  Development 

Numerous  improvements  are  installed  annually 
by  various  departments  of  the  State  and  Federal 
Governments,  as  well  as  by  private  enterprise.  High- 
ways, powerlines,  railways,  pipelines,  and  many  other 
improvements  are  currently  being  installed  without 
the  level  of  coordination  that  is  desirable.  Consider- 
able excess  cost  presently  results  from  conflicting  or 
uncoordinated  planning.  Elements  of  some  activities 
become  competitive.  Some  of  the  lack  of  coordina- 
tion in  administration  is  the  direct  result  of  legal  or 
policy  barriers  contained  in  enabling  or  funding 
legislation.  These  barriers  will  become  more  trouble- 
some and  costly  as  time  goes  on.  A concerted  effort 
should  be  made  to  “clean  up”  as  many  of  these 
barriers  as  possible  and  to  coordinate  such  efforts  in 
the  public  interest. 

Funding  Legislation-Many  of  the  improve- 
ments needed  can  best  be  administered  by  small  local 
elements  of  government.  Many  elements  of  govern- 
ment, otherwise  well  fitted  for  the  work,  lack 
sufficient  legal  and  financial  ability  to  provide  the 
development  needed.  There  is  a real  need  for  non- 
Federal  credit  assistance,  financial  assistance,  and 
grants-in-aid  to  many  small  improvement  districts  and 
other  levels  of  government,  including  small  munici- 
palities and  counties,  for  the  installation  and  mainten- 
ance of  improvements.  The  State  could  provide  this 
assistance,  including  objective  consultation  and  super- 
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vision,  thus  providing  a degree  of  stability  much 
needed  for  these  developments. 

Areas  where  help  is  principally  needed  are  in 
securing  rights-of-way,  in  coordinating  works  of 
development,  and  in  adding  features  to  small,  single- 
purpose developments  that  benefit  the  general  public. 
Help  is  needed  also  in  controlling  influences  that  are 
of  an  exploitive  nature,  such  as  urban  sprawl,  or  that 
cause  excessive  and  often  indirect  costs  to  the  public. 

Right-of-Way  Acquisition  and  Supervision-In 
many  small  resource  development  projects,  it  is 
necessary  to  secure  land  rights  and  other  rights 
needed  for  installation,  construction,  and  mainten- 
ance of  improvements.  Presently,  many  of  these 
rights  must  be  secured  by  various  legal  improvement 
districts  that  do  not  have  adequate  size  to  provide 
needed  legal,  financial,  and  other  technical  resources. 
Often,  a supervisor  of  a district  is  a neighbor  or  close 
associate  of  the  owner  of  a land  parcel  that  must  be 
acquired  by  condemnation.  The  condition  is  often  so 
awkward  that  it  effectively  prevents  or  delays  needed 
improvements,  resulting  in  a public  disservice.  It  is 
believed  much  of  the  delay  and  cost  of  such  matters 
could  be  alleviated  by  an  adequate  State  agency 
which  would  provide  objective  judgment,  adequate 
technical  facilities,  and  adequate  financial  resources 
to  extend  credit  and  grants-in-aid  as  dictated  by 
public  need.  Such  extension  of  objective  services 
would  add  greatly  to  the  justice  and  dignity  of 
proceedings  and  the  stability  required  for  acquiring 
and  maintaining  needed  improvements. 

Improvement  Districts-State  law  appears  to  be 
unnecessarily  cluttered  with  various  forms  of  districts 
with  overlapping  jurisdictions  and  vague  powers.  The 
functions  thus  covered  possibly  could  be  better 
administered  by  a relatively  few  types  of  districts 
having  comprehensive  powers  and  vigorously  super- 
vised and  audited  by  State  authority. 

OTHER  STUDIES  AND  SURVEYS 

Education,  Information,  and  Research 

There  is  a movement  of  rural  populations  to 
urban  centers,  with  the  result  that  large  numbers  of 
people  are  leu  aware  of  rural  land  and  water 
problems  but  not  leu  dependent  on  the  resources 
involved.  The  trend  away  from  intimate  relationship 
with  the  land  is  exemplified  in  many  ways,  one  of 
which  is  the  general  decline  in  relative  numbers  of 
secondary  school  graduates  in  scientific,  and  agricul- 
tural fields,  and  of  specialists  in  physical  and 


biological  sciences  related  to  natural  resources. 

Dependence  of  the  public  on  natural  resources 
is  increasing,  as  shown  not  only  by  demands  for 
production  but  in  rapidly  increasing  demands  for 
good  hydrologic  quality,  improvements  in  water 
quality  and  yield,  recreation,  fish  and  wildlife  habitat, 
and  aesthetic  and  social  values.  Lands  managed  for 
multiple  uses  rather  than  for  substantially  a single  use 
cost  more  in  required  management  measures.  The 
public  can  be  expected  to  demand  much  more  in 
terms  of  multiple  uses  of  watersheds,  and  to  share  in 
these  costs  either  through  increased  cost  of  food  and 
fiber  or  through  support  costs.  Demands  of  the  public 
must  be  well  formulated,  made  known,  and  accepted 
by  the  legislator  and  landowner  before  they  can  be 
properly  implemented.  Accomplishment  can  be 
attained  only  with  complete  dialogue  and  agreement, 
requiring  the  best  elements  of  professional  planning, 
research,  and  capital,  combined  with  the  experience 
and  desires  of  the  owner,  in  meeting  private  and 
public  needs. 

A program  of  information  must  be  continued 
and  expanded  on  two  fronts;  one  program  oriented  to 
the  city  dweller  to  keep  him  informed  of  his 
responsibility  in  the  use  of  the  land  and  his  depen- 
dence on  the  land  base;  and  the  other  program  to 
expand  the  dissemination  of  information  to  land- 
owners  on  use  and  care  of  the  land  and  on  techno- 
logical advances  that  will  encourage  good  mainten- 
ance of  the  land  resource  through  private  enterprise. 

Students  in  institutions  of  higher  learning  must 
be  encouraged  to  enter  the  field  of  resource  planning. 
In  related  agricultural  sciences,  the  current  national 
shortage  of  graduating  students  is  between  eight  and 
ten  thousand  a year.  Incentives  must  be  provided  so 
that  students  trained  in  the  fundamentals  of  land  use 
will  continue  to  research  problems  in  drainage, 
irrigation,  forestry,  plant  breeding,  water  develop- 
ment, water  quality,  and  water  requirements. 
Research  in  economics  is  needed  to  determine  cost 
sharing  formulae  for  construction  of  works  of 
improvement  which  will  benefit  the  social  com- 
munity. The  critical  need  for  food  and  fiber  produc- 
tion all  over  the  world  requires  added  research  toward 
better  management  of  the  land  resource. 

Most  aspects  of  watershed  management  require 
additional  and  continued  study  to  develop  new 
technology  and  to  test  and  adapt  new  advances  in 
technology  into  practical  use;  also  to  evaluate  criteria 
for  programs  and  projects  in  the  light  of  changing 
timet.  Most  of  this  study  and  evaluation  is  expected 
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to  be  accomplished  under  on-going  Federal  and  State 
programs,  continued  and  expanded  as  required  by 
needs  during  ensuing  years. 

A few  areas  of  study  are  identified  in  the 
following,  but  the  list  is  not  intended  to  be  exhaus- 
tive. 

Sediment  Study 

A comprehensive  program  of  study  concerning 
the  various  rural  and  urban  aspects  of  sediment 
production,  sediment  movement,  and  sediment 
impacts,  including  pollution  in  impoundments, 
stream  channels  and  estuarine  areas,  should  be  under- 
taken. The  work  would  involve  a long-term  program 
of  measurement  and  evaluation,  with  projection  into 
future  conditions  covering  physical,  economic, 
environmental,  and  ecological  impacts  of  sediment. 
This  study  should  be  initiated  before  1975  and 
preliminary  reports  prepared  before  1980.  The  study 
should  be  a cooperative  venture  between  the  State  of 
Washington,  private  interests,  and  the  appropriate 
agencies  of  the  Federal  Government.  The  cost  of  the 
study  is  initially  estimated  to  be  SI 50,000  per  year. 

Soil  Survays 

National  park  lands  and  national  forest  lands 
have  not  been  adequately  surveyed.  Early  surveys  on 
private  lands  do  not  have  the  intensity  and  compre- 
hensiveness needed  for  making  intensive  develop- 
ment. There  is  a need  to  accelerate  the  making  and 
improvement  of  the  cooperative  soil  surveys.  The 
estimated  cost  of  these  surveys,  including  publication, 
is  $3  million.  The  work  will  require  many  years  at  the 
going  rate  of  accomplishment  and  should  be  acceler- 
ated. It  is  recommended  that  the  work  be  accom- 
plished by  1980  at  an  average  cost  of  S300.000  per 
year. 

Beach  and  Shore  Erosion 

A study  of  beach  and  shore  erosion  should  be 
initiated  and  completed  by  1980.  This  is  considered 
to  be  about  a 5-year  study,  estimated  to  cost 
$500,000.  It  would  define  present  problem  areas  and 
project  the  needs  to  the  year  2020. 

Accurate  costs  of  remedial  measures  to  stabilize 
the  beach  erosion  areas  discussed  in  the  Present 
Status  and  Needs  sections  have  not  been  determined. 
Such  an  evaluation  would  require  a detailed  investiga- 
tion over  a period  of  time,  including  investigations  of 
seasonal  variations  in  conditions,  tidal  hydraulics, 
engineering,  and  economic  feasibility. 


An  early  action  study  program  prior  to  1980  is 
recommended  for  the  purposes  of:  (1)  determining  all 
areas  along  the  Puget  Sound  and  adjacent  waters 
shoreline  where  significant  erosion  occurs;  (2)  identi- 
fying those  areas  where  erosion  presents  a serious 
problem  because  the  rate  of  erosion,  considered  in 
conjunction  with  economic,  industrial,  recreational, 
agricultural,  navigational,  demographic,  ecological, 
and  other  relevant  factors,  indicates  that  action  to 
halt  such  erosion  may  be  justified:  (3)  describing  the 
most  suitable  type  of  remedial  action  for  those  areas 
that  have  a serious  erosion  problem;  (4)  providing 
preliminary  cost  estimates  for  such  remedial  action; 
and  (5)  recommending  priorities  among  the  serious 
problem  areas  for  action  to  stop  erosion.  This 
program  will  provide  for  a 5 -year  study  and  include 
the  following  elements: 

a.  Public  hearings  to  be  held  in  different 
localities  throughout  the  Area  to  determine  major 
problem  areas. 

b.  Reconnaissance  of  problem  areas  to  deter- 
mine the  extent  and  rate  of  erosion  at  each  area. 

c.  Other  studies,  including  tidal  hydraulics, 
foundations  and  materials,  engineering,  and  eco- 
nomics performed  as  needed  to  determine  the  types 
of  remedial  action  warranted  and  he  estimated  costs 
and  benefits. 

d.  A report  presenting  the  findings  to  be 
prepared  at  the  end  of  the  study. 

This  program  would  define  problem  areas 
requiring  immediate  attention  and  project  the  needs 
of  other  areas  to  the  year  2020.  For  purposes  of  the 
Puget  Sound  Area  Study,  investment  costs  for  rectifi- 
cation measures  required  between  1980  and  2000, 
and  between  2000  and  2020  are  estimated  at  $100 
million  for  each  period. 

Land  Use  and  Treatment 

Watershed  lands  require  detailed  planning, 
careful  management,  and  regulation  of  use  and 
treatment  to  preserve  productive  and  environmental 
factors.  The  direct  and  indirect  loss  of  such  values 
through  unplanned  urban  expansion  or  entrepre- 
neurial ventures  should  be  evaluated.  Estimation  of 
hitherto  intangible  values  needs  to  be  made,  including 
values  foregone.  Full  evaluation  of  all  factors  will 
require  development  of  quantitative  judgments 
beyond  that  generally  in  use  at  the  present  time. 
Certain  elements  of  systems  analysis  should  be 
developed  and  applied  in  evaluating  total  effects  of 
changes  in  ecological  and  environmental  aspects  of 
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land.  Evaluation  of  use  by  the  public,  and  regulation 
when  required,  transcend  purely  local  forms  of 
government  and  should  become  the  specific  responsi- 
bility of  the  State.  Costs  of  further  study  are  not 
estimated  but,  by  agreement,  possibly  can  be  shared 
between  the  State  of  Washington  and  appropriate 
agencies  of  the  Federal  Government.  Such  studies 
should  be  accomplished  before  1980  and  be  re-evalu- 
ated at  frequent  intervals  thereafter. 

Water  Yield  Improvement 

Watersheds  can  be  managed  for  specific 
purposes,  including  the  improvement  of  water  yield. 
Water  yield  improvement  includes  structural  and 
vegetative  measures  to  increase  surface  impoundment, 
subsurface  storage,  snowpack  management,  and 
modification  of  evapotranspiration.  A study  of 
general  factors  should  be  conducted  to  define  present 
problems  and  identify  project  needs.  A part  of  the 
study  would  be  for  the  purpose  of  adapting  basic 
research  findings  from  other  regions  of  the  United 
States  to  specific  Puget  Sound  conditions,  and  may 
include  pilot  operations.  The  other  part  of  the  study 
is  to  identify  and  evaluate  specific  streams  or  stream 
reaches  where  benefits  from  increased  water  yield 
and/or  low  flow  improvement  are  sufficient  to  define 
areas  for  improvement.  Portions  of  the  study 
methods  described  under  Land  Use  and  Treatment 
may  be  applicable  for  this  analysis.  Few,  if  any,  water 
yield  improvement  projects  are  anticipated  to  be 
found  favorable  before  1980;  however,  studies  should 
be  undertaken  in  the  near  future  with  preliminary 
findings  by  1980,  identifying  areas  for  future 
improvement  to  the  year  2020.  Costs  of  the  study  are 
expected  to  be  borne  by  existing  Federal,  State,  and 
local  programs. 

Production  Studies 

Studies  related  to  efficient  farming  and  forestry 
methods  should  be  continued  and  accelerated  since 
viable  and  stable  private  enterprise  on  lands  devoted 
to  these  purposes  is  essential  to  maintenance  of  the 
environmental  quality.  Assistance  on  a continuing 
basis  will  be  given  in  technical  matters  concerned 
with  the  impacts  of  changed  land  use  and  develop- 
ment of  the  environment.  Costs  are  expected  to  be 
borne  by  cooperative  State  and  Federal  programs. 


STEWARDSHIP  OF  LAND 
AND  WATER  RESOURCES 

Proper  selection  of  land  for  specific  uses  is  a 
major  element  in  watershed  protection.  The  protec- 
tive and  improvement  practices  discussed  here  are 
grouped  into  several  broad  categories:  floodwater 
damage  reduction,  watershed  rehabilitation  and  pro- 
tection, and  water  management.  Under  these  broad 
categories,  there  are  often  potential  benefits  for 
recreation  sites,  fish  and  wildlife  habitat,  improve- 
ment in  water  supply  or  quality,  and  environmental 
values.  All  practices  play  an  interrelated  part  in  the 
application  of  technological  advances  to  be  developed 
through  future  research. 

The  objective  of  planning  is  to  insure  protec- 
tion of  the  land  under  expected  or  potential  develop- 
ment. Practices  and  programs  are  expected  to  be 
implemented  which  will  furnish  means  of  protection 
against  floodwater  damage,  erosion,  and  sedimenta- 
tion. As  the  resource  is  protected,  the  development 
programs  will  be  implemented  to  achieve  the  poten- 
tial of  the  land  for  the  specific  use. 

Land  in  public  ownership  is  managed  by  the 
public  policy  and  institutional  restraints.  The  public 
interest  is  to  improve  and  maintain  these  policies  to 
preserve  the  environment.  On  national  forest  lands 
caretaking  responsibilities  must  be  continued  and 
intensified  to  make  full  use  of  these  lands  which 
contain  many  economic  and  social  values. 

The  future  management  of  agricultural  land  is 
determined  by  the  value  of  its  production  and  this  is 
difficult  to  determine  for  future  years  since  it 
depends  on  products,  markets,  and  available  alterna- 
tive uses.  Croplands  on  flood  plains  are  highly 
productive  and  respond  to  drainage,  irrigation,  and 
associated  practices.  Large  amounts  of  drainage, 
irrigation,  and  streambank  protective  measures  are 
expected  to  be  installed.  Flood  prevention  sufficient 
for  agricultural  use  will  be  installed  in  future  years. 
Terrace  lands  and  other  lands  of  good  quality  devoted 
to  crops  will  be  irrigated  if  water  is  available.  Areas 
subject  to  wetness  will  be  drained.  Measures  to 
prevent  erosion  and  control  runoff  will  be  required. 
Public  interest  in  private  use  will  become  an  issue  in 
public  access,  recreation,  and  aesthetic  values  of  open 
lands.  Urban  and  rural  nonagricultural  uses  will 
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require  withdrawals  from  agriculture  of  this  type  of 
land.  Uplands  are  less  suitable  for  cultivation  because 
of  lower  production  and  higher  maintenance  costs. 
Demands  for  rural  residences  and  recreation  areas 
here  are  expected  to  be  high.  Mountainous  and 
foothill  lands  are  expected  to  remain  largely  in  forest, 
with  greater  use  for  recreation  and  similar  purposes. 
Better  planning,  a higher  degree  of  social  control, 
regulation  of  use  and  treatment  of  the  land,  and 
financial  participation  by  the  public  will  be  required. 

FLOOD  DAMAGE  REDUCTION 

Reduction  of  damage  from  floodwater  and 
sediment  is  achieved  by  installation  of  land  treatment 
measures  and  by  structural  works  of  improvement. 
The  degree  of  protection  required  is  governed  by  the 
damage  likely  to  occur  with  protection.  Where 
intense  improvements  and  many  people  occupy 
hazardous  areas,  protection  against  events  likely  to 
recur  more  frequently  than  once  in  100  years  is  the 
usual  required  minimum.  Where  land  is  in  agricultural 
or  other  low  intensity  use,  and  the  hazard  to  property 
or  human  life  is  low,  floodwater  damage  must  be 
prevented  to  the  extent  the  hazard  remaining  does 
not  materially  exceed  other  risks  before  development 
investment  becomes  practical. 

Approximately  747,000  acres  in  the  Area 
require  some  degree  of  protection  before  full  develop- 
ment as  agricultural  land  or  development  for  urban 
uses  is  deemed  feasible.  Most  urban  development  on 
flood  plain  areas  should  be  discouraged.  Existing 
urban  developments,  and  essential  developments 
requiring  occupancy  of  flood  hazard  lands,  will, 
however,  require  high  levels  of  protection.  Flood 
plains  contain  the  high  quality  agricultural  land  of  the 
Area  (comprising  about  six  percent  of  the  total  land 
area)  and  should  be  retained  in  this  use. 

The  flow  of  major  streams  is  such  that  protec- 
tion against  overbank  flooding  can  be  provided  only 
by  flood  control  structural  measures.  Estimates  are 
that  307,000  acres  will  receive  additional  levels  of 
protection  from  overbank  flooding  by  2020. 
Proposals  covering  this  type  of  protection  are 
described  in  Appendix  XII,  Flood  Control. 

Flood  prevention  measures  on  tributary  streams 
and  at  the  watershed  level  (areas  of  250.000  acres  or 
less)  are  considered  in  more  detail  in  the  sections  of 
this  Appendix  regarding  individual  basins.  These 
measures  are  for  the  reduction  of  floodwater  damages 
caused  by  abnormally  high  direct  precipitation. 


stream  overflow,  or  floods  aggravated  by  wind  and 
tidal  effects.  Flood  prevention  measures  consist  of 
land  treatment  to  retard  runoff  to  the  highest  degree 
practical,  combined  with  structural  measures  that 
result  in  floodwater  damage  reduction.  Such  measures 
are  often  included  in  small  watershed  projects  that 
are  multi-purpose  in  nature  and  provide  floodwater 
damage  reduction  in  addition  to  water  management 
and  other  benefits.  Twenty-five  projects  containing 
flood  prevention  measures  are  feasible  for  installation 
by  1980  as  a part  of  the  early  action  program.  These 
proposed  projects  will  provide  flood  damage  reduc- 
tion benefits  to  188,000  acres,  in  addition  to  other 
benefits,  and  are  summarized  in  Table  2-20. 

Flood  prevention  measures  and  flood  control 
measures  are  often  complementary  and  frequently 
both  kinds  of  improvements  are  required  to  achieve 
full  potential  benefits  from  damage  reduction  and 
development.  Federal  policy  requiring  coordination 
between  projects  for  flood  prevention  and  flood 
control  benefits  is  defined  by  Federal  agency 
directives  and  is  best  achieved  at  the  project  level  by 
contemporary  authorization  and  simultaneous  or 
timely  installation  of  interrelated  structural  features. 

The  early  action  program  contains  projects  for 
installation  before  1980  in  recognition  of  a rapidly 
increasing  population  creating  needs  in  the  Area 
approaching  an  emergency  situation.  Planning  at  the 
project  level  involves  concerned  agencies  of  the 
Federal  Government  and  the  State  of  Washington.  In 
order  that  project  planning  and  timely  installation  of 
interrelated  features  of  these  projects  proceed  with 
maximum  benefits,  the  Secretary  of  Agriculture  may 
elect  to  request  immediate  Area-wide  planning 
authorization  by  Congress  of  the  watershed  projects 
contained  in  the  early  action  program  of  the  Depart- 
ment of  Agriculture. 

WATERSHED  PROTECTION  AND 
REHABILITATION 

Provision  for  establishing  and  maintaining 
watershed  protection  and  rehabilitation  measures  on 
8,404,400  acres  of  land  is  the  responsibility, 
primarily,  of  the  landowners  or,  in  the  case  of 
publicly-owned  lands,  of  the  Federal  or  State  agency 
charged  with  management  of  the  lands.  The  owner  or 
manager  of  cropland  is  expected  to  keep  it  in 
protective  cover  during  hazardous  seasons  and  to 
apply  such  practices  as  cover  cropping,  grass  and 
legume  seeding,  etc.  to  the  land  under  his  manage- 
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ment.  The  United  States  Department  of  Agriculture, 
through  its  agencies,  furnishes  technical  and  financial 
assistance  to  landowners  and  managers  who  request 
aid  in  establishing  some  of  these  practices.  Land 
management  agencies  of  the  Federal  Government  are 
expected  to  manage  lands  under  their  supervision  in 
accordance  with  accepted  practices  of  conservation 
for  continued  use.  Continuation  or  expansion  of 
on -going  programs  will  accomplish  this. 

This  plan  provides  that  most  of  the  best 
cropland  presently  used  for  farming  will  remaih  in 
this  use;  and  that,  by  use  of  density  control,  only  a 
small  amount  of  additional  land  will  be  needed  for 
urban  or  other  nonagricultural  purposes.  Only  about 
6 percent  of  the  land  in  the  Puget  Sound  Area  is 
planned  for  farming,  and  about  1 5 percent  for  urban 
and  other  uses  with  a density  of  six  persons  per  acre. 
Since  large  areas  of  land  are  suitable  for  urban 
development,  there  should  be  little  conflict  on  the 
basis  of  suitability  of  land  for  use. 

Due  to  the  dominance  of  forage  production  as  a 
major  part  of  farm  production,  much  of  the  farm 
land  is  expected  to  remain  under  excellent  cover. 
Care  must  be  used  to  protect  farm  lands  during  the 
winter  season.  This  usually  requires  establishment  of 
winter  cover  crops  on  lands  used  for  production  of 
intertilled  crops.  Establishment  of  cover  crops  is 
often  materially  assisted  by  drainage  and  irrigation 
practices. 

Where  sloping  land  must  be  used  for  row  crops, 
planting  and  cultivation  should  be  accomplished 
following  the  contour  of  the  land.  Critical  sediment 
producing  areas  should  remain  in  permanent  cover 
with  agronomic  and  other  practices  to  retard  the 
outflow  of  water  and  transport  of  sediment.  In 
particularly  critical  areas,  permanent  graded  terraces 
and  outlet  channels  may  assist  in  removing  excess 
water  and  promoting  stability.  Rotation  grazing,  good 
cultural  practices,  fertilizers,  and  use  of  deep  rooted 
vegetative  species  encourage  infiltration  and  work 
together  to  reduce  sediment  production.  Typical 
measures  are  shown  in  Table  2-18. 

Much  of  the  land  presently  classed  as  “rural  and 
nonfarm"  will  be  developed  for  urban  living.  Practices 
to  be  applied  are  for  the  prevention  of  damage  to  the 
land  in  the  process  of  urbanization,  and  for  recreation 
improvements.  Land  leveling,  proper  drainage,  proper 
water  disposal,  grade  stabilization  structures,  recrea- 
tion area  woodland  improvement  by  thinning  and 
pruning,  recreation  land  grading  and  shaping,  and 


recreation  trail  and  walkway  construction,  are  and 
will  be  installed  under  this  plan.  The  physical  effects 
will  be  to  prevent  sediment  movement  from  the  areas 
and  enhance  them  for  public  use. 

Local  planning  authorities  may  obtain  advice 
from  soil  and  water  conservation  district  personnel  on 
conservation  measures  needed  on  tracts  being  sold  for 
residential  housing  or  industrial  use.  This  will  be  an 
important  phase  of  technical  assistance  provided 
under  this  program. 

Forested  lands  of  the  Puget  Sound  Area  com- 
prise the  largest  acreage  with  high  erosion  and 
sediment  production  potential,  and  are  also  the 
source  of  approximately  three-fourths  of  the  available 
surface  waters.  The  quantity  and  quality  of  these 
waters  is  influenced  to  a large  extent  by  the  hydro- 
logic  condition  of  the  source  watersheds.  Problems 
involving  water  quantities  and  quality  are  often  the 
result  of  conditions  prevailing  in  the  source  areas. 
Typical  protective  measures  are  shown  in  Table  2-19. 

As  noted  previously,  there  are  2,015,300  acres 
of  land  in  Capability  Classes  VI,  VII,  and  VUl  with  a 
severe  or  very  severe  erosion  hazard,  and  1,352,400 
acres  in  Classes  II  through  IV  with  a moderate  erosion 
hazard.  In  addition,  3 ,490 ,000  acres  under  Federal 
administration  are  estimated  to  have  a severe  to  very 
severe  erosion  potential.  While  the  potential  for 
erosion  is  very  great  in  the  Area,  severe  erosion  has 
been  prevented  in  the  past  by  generally  excellent 
cover. 

When  the  protective  vegetative  cover  is 
disturbed,  the  result  is  a critical  erosion  area  that 
yields  large  quantities  of  sediment.  Expected  timber 
harvest,  road  construction,  and  urban  development 
will  disturb  this  cover  on  138,000  acres  each  year. 
Thus,  the  critical  erosion  area  at  any  point  in  time 
consists  of  newly  harvested  forest  lands;  cropland 
without  winter  cover  crops;  and  land  annually 
disturbed  by  development  activity,  plus  lands 
damaged  by  natural  events  (wildfire,  shore  and 
streambank  erosion,  flooding,  and  sedimentation); 
and  land  recovering  from  disturbances  in  previous 
years.  These  are  the  lands  requiring  rehabilitation 
measures.  All  other  watershed  lands  require  protec- 
tive measures  to  reduce  danger  of  erosion  and  to 
maintain  essential  hydrologic  conditions. 

Of  the  1 ,600  acre-feet  of  sediment  estimated  to 
be  carried  by  streams  of  the  Area,  forest  land  is 
estimated  to  represent  63  percent  of  the  source; 
cropland,  9 percent;  range  land,  2 percent;  and  other 
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lands,  26  percent.1  Urban  development  of  various 
kinds  represents  a large  part  of  the  “other”  lands.  The 
estimated  1 ,600  acre-feet  of  sediment  yield  represents 
only  a portion  of  the  gross  erosion,  much  of  which 
represents  land  deterioration  in  areas  where  sediment 
is  not  carried  by  streamflow. 

One  of  the  principal  sources  of  sedimentation  is 
road  construction.  The  precautionary  measures  to  be 
installed  in  the  construction  of  roads  vary  with  the 
relative  stability  of  the  landscape  through  which  the 
roads  pass.  Generally,  good  road  design  provides  for: 
(1)  recognition  and  avoidance,  where  possible,  of 
unstable  soils  or  slopes;  (2)  utilization  of  the  most 
favorable  terrain  for  road  location,  away  from  live 
streams  wherever  possible;  (3)  proper  placement  of 
spoil  materials,  either  within  the  roadbed  or  as  waste; 

(4)  stabilization  and  vegetation  of  cut  and  fill  areas; 

(5)  adequate  drainage  of  surface  waters;  and  (6) 
adequate  live  stream  crossings  which  conform  as 
nearly  as  possible  to  the  original  configuration  of  the 
streambed.  Where  roads  are  well  designed  and  con- 
structed, the  level  of  erosion  will  be  kept  within 
acceptable  limits. 

Logging  operations,  also,  may  be  a major  source 
of  sediment  and  debris.  For  optimum  management  of 
watershed  resources,  timber  harvesting  plans  need  to 
be  tailored  to  fit  the  requirements  of  each  area.  Such 
plans  should  consider  the  following  points: 

a.  Cutting  unit  layout  boundaries  should  be 
placed  in  the  most  favorable  locations  with  respect  to 
terrain.  Yarding  of  logs  in  or  through  streambeds 
should  be  avoided.  Following  logging,  streams  should 
be  cleared  of  any  unavoidable  logging  debris.  Log 
landings  should  be  located  at  points  that  will  cause 
the  least  soil  disturbance  in  the  yarding  process. 

b.  Tractor  logging  on  nearly  level  ground  or 
gentle  slopes  is  normally  suitable;  however,  cable 
systems  are  better  adapted  to  logging  on  slopes  over 
30  percent.  Very  steep  topography  and  other  critical 
soil  conditions  may  require  the  use  of  more  sophisti- 
cated cable  systems,  such  as  the  Skagit,  Wyssen,  or 
the  recently  developed  balloon  system  which  lifts  the 
logs  free  of  the  ground  during  much  of  the  yarding 
process. 

c.  Temporary  roads,  skid  trails,  and  firebreaks 
should  be  rehabilitated  as  soon  as  possible  after 
logging  to  restore  the  vegetative  cover  and  control 
erosion.  Useful  treatment  measures  include  planting, 

1 From  Columbia-North  Pacific  River  Batin  Type  I Study, 
1909. 


seeding,  mulching,  scarifying,  and  the  installation  of 
water  bars. 

d.  Exposed  soil  areas  resulting  from  logging  or 
slash  disposal  require  stabilization  to  control  undue 
soil  loss  and  gullying.  Treatment  measures  include 
planting,  seeding,  mulching,  and  contour  furrowing. 

Wildfires  pose  a serious  threat  to  all  forest 
resources,  including  timber  and  water.  Fire  consumes 
or  kills  most  of  the  vegetation,  burns  away  the  duff 
and  litter  cover,  and  thus  exposes  large  areas  of 
mineral  soil.  Management  can  do  much  toward 
reducing  fire  losses  through  planned  fire  prevention 
programs,  including  the  reduction  of  logging  slash,  or 
other  hazardous  fuels;  and  employment  of  extra 
precautionary  measures,  such  as  closing  forest  areas 
during  periods  of  extreme  fire  danger.  In  addition,  an 
adequate  suppression  organization  is  required  to 
control  and  confine  the  size  of  the  fires  to  the  lowest 
possible  limits  (Table  2-19). 

DRAINAGE 

The  means  to  be  used  in  developing  the 
required  soil-moisture  relationships  necessary  to 
achieve  the  fullest  potential  for  the  land  use  selected 
are  many  and  varied.  Methods  of  attaining  the 
drainage  goals  for  agricultural  and  urban  uses  of  the 
land  are  given  here.  To  accomplish  the  goals,  it  will  be 
necessary  for  individuals  and  groups  to  cooperate 
with  State  and  Federal  agencies  in  establishing  works 
of  improvement  to  this  end. 

Agricultural  Drainage 

A large  portion  of  the  cropland  in  the  Puget 
Sound  Area  is  used  for  the  production  of  high  quality 
perennial  grass  crops  for  forage.  These  crops  generally 
require  a high  degree  of  drainage  for  best  production 
during  the  growing  season,  and  some  drainage  during 
winter  months,  so  that  sensitive  grass  species  will  not 
be  lost.  Because  of  the  requirement  for  some  winter 
drainage,  and  because  of  a relatively  deep  rooting 
habit  of  some  desirable  species,  the  crop  requires  a 
relatively  high  degree  of  drainage  improvement 
measures,  often  exceeding  the  requirements  for  inter- 
tilled crops.  The  drainage  improvement  required  for 
high-quality  grass  crops  is  used  herein  as  represen- 
tative. The  use  of  this  degree  of  drainage  improve- 
ment will  allow  some  latitude  in  meeting  require- 
ments of  other  crops. 

Optimum  drainage  improvement  of  land  used 
for  forage  production  has  other  benefits.  These 
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include:  (I)  reduction  of  damage  from  trampling  by 
livestock  when  pasturing  wet  ground;  (2)  inducing 
deep  rooting  habits  in  the  plants,  causing  reduction  of 
unfavorable  reaction  to  drought  and  hot  weather;  (3) 
greater  production;  (4)  greater  resistance  to  plant 
diseases;  and  (S)  promoting  conditions  that  contri- 
bute to  improved  health  of  livestock. 

Technical  guides,  prepared  by  the  Soil  Conser- 
vation Service  for  the  Puget  Sound  Area,  classify  the 
installation  of  drainage  improvements  for  various  soils 
into  sixteen  major  groups.  Each  group  refers  to  the 
principal  operations,  such  as  spacing,  required  to 
install  drainage  improvements  under  certain  soil 
conditions.  Descriptions  of  these  drainage  groups 
follow: 

Group  1-Deep,  moderately  well,  and  imper- 
fectly drained  soils  with  silt  loam,  light  clay  loam  or 
loam  surface  soils  and  clay  loam  or  silty  clay  loam 
subsoils. 

Group  2-Moderately  deep,  imperfectly  drained 
loam  or  silt  loam  surface  soils  and  subsoils  overlying 
slowly  permeable  cemented  glacial  till  at  depths  of 
20-36  inches. 

Group  3-Deep,  poorly  drained,  and  very 
poorly  drained  muck  and  peat  soils. 

Group  4-Deep,  poorly  drained  soils  with  silty 
clay  loam,  silt  loam,  fine  sandy  loam,  or  loamy  fine 
sand  surfaces  and  silty  clay  loam  subsoils  overlying 
peat  at  dominant  depths  of  20-36  inches. 

Group  ^-Moderately  deep,  poorly  drained  soils 
with  clay  loam,  silty  loam,  silty  clay  loam  surface 
soils  and  moderately  slow  to  slowly  permeable  silty 
clay  or  clay  subsoils. 

Group  6-Moderately  deep,  imperfectly,  and 
poorly  drained  soils  with  silty  clay  loam,  clay  loam, 
loam,  silt  loam,  and  sandy  loam  surfaces  and  slowly 
permeable  or  moderately  slowly  permeable  silty  clay 
loam  or  clay  loam  subsoils. 

Group  7-Moderately  deep,  moderately  well, 
and  imperfectly  drained  loam,  silt  loam,  and  sandy 
loam  soils  with  medium  textured  subsoils  overlying 
slowly  permeable  cemented  glacial  till,  mud  flow, 
hard  silty  clay  loam  or  soft  sandstone  material  at 
depths  of  20-36  inches. 

Group  ft-Moderately  deep  and  shallow,  poorly 
drained  soils  with  loam,  silt  loam,  or  sandy  loam 
surfaces  and  subsoils  overlying  iron  cemented 
(Orterde)  hardpan  at  dominant  depths  of  8-26  inches. 

Group  ft-Moderately  deep,  poorly  drained  soils 
with  silt  loam,  loam,  and  clay  loam  surfaces  and  very 
slowly  permeable  clay  or  silty  day  subsoils  at 


dominant  depths  of  20-36  inches. 

Group  10-Moderately  deep,  imperfectly 
drained  soils  with  loam,  silt  loam,  and  clay  loam 
surfaces  (including  gravelly  textures)  and  clay  loam 
subsoils  overlying  slowly  permeable  clay  till  at  domi- 
nant depths  of  20-36  inches. 

Group  11-Moderately  deep  and  shallow, 
moderately  well  drained  soils  with  sandy  loam, 
gravelly  loam,  loam,  and  clay  loam  surfaces  and 
subsoils  overlying  cemented  glacial  till  at  dominant 
depths  of  1 2-36  inches. 

Group  12-Moderately  shallow  and  shallow, 
poorly  drained  muck  and  peat  soils  overlying  sand  or 
clay  at  dominant  depths  of  12-36  inches. 

Group  13- Moderately  deep,  poorly  drained 
soils  with  loam  and  clay  loam  surfaces  (including 
gravelly  textures)  overlying  slowly  permeable  subsoils 
at  dominant  depths  of  20-36  inches. 

Group  14- Moderately  deep  and  shallow, 
poorly  drained  soils  with  loam,  silty  clay  loam,  clay, 
and  silty  clay  surfaces  overlying  very  slowly  perme- 
able clay  and  silty  rlay  subsoils  at  dominant  depths  of 
1 2-36  inches. 

Group  1ft  Moderately  deep,  poorly  drained 
soils  with  sandy  loam  surfaces  and  subsoils,  overlying 
slowly  permeable  iron  cemented  hardpan  at  dominant 
depths  of  20-36  inches. 

Group  1ft- Shallow  to  very  deep,  well  drained, 
and  somewhat  excessively  drained  bottom  land  soils 
subject  to  overflow  and  sedimentation. 

These  sixteen  drainage  groups  were  combined 
on  a basis  of  approximately  average  costs  of  drainage 
improvements  for  high-quality  forage  production  into 
six  groups  for  price  estimating  purposes,  as  shown  in 
Table  2-13.  These  per  acre  costs  were  utilized  in 
summarizing  drainage  costs  by  watersheds  for  the 
Area  in  Table  2-14. 


TABLE  2-13.  Aar  acre  and  average  annual  on-farm 
eoeta  of  agricultural  drainage1 


Drainage  Groups 

P n ■■■li  i ■ ■ .I 

LOfTKNnva 

Price 

Group 

Cost 
Per  Acre 

Average 
Annual  Cost 
Per  Acre 

land  12 

1 

230.70 

16.76 

2,  7.  and  16 

2 

116.86 

8.49 

3, 4,  and  S 

3 

346.73 

26.34 

6. 8, 9,  and  11 

4 

132.00 

9.69 

10.  and  13 

5 

196.00 

14.38 

14,  and  16 

6 

7000 

6.09 

1 Band  on  1967  prices,  amortized  at  6 percent  for  30  years. 
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TABLE  2-14.  Summary  of  «*ti mated  drainage  costs  by  basin  and  watershed  (1967  price  base) 


nap 

No. 

Watershed* 

Cropland  drainage  groups 

■■■■a 

Total 
cost 
c rop 
land 
1/ 

Urban 
and 
rural 
non- 
l arr 

Cost 

per 

IS 

Groups 
3.  4. 
& 5 

G roups 

6,8.9, 
4 II 

Groups 

10  6 13 

Groups 
|4  S 15 

Total 

(acres) 

(acres) 

(acres] 

(acres) 

(acres) 

(acres) 

(•cres) 

(do  1 lars) 

(dollar  ) 

(acres) 

(dol lars) 

(dol lars) 

0-29 

L*<wrr  W.  st  Slope  Seattle 

39 

20 

59 

270.71 

15,972 

15.906 

1.350 

21,473.100 

0-34 

Cast  Side  Green  River 

5.963 

3.256 

1 691 

1,115 

12.025 

207.05 

2.489.754 

24.181 

I .350 

32  .644.360 

0-36 

West  Side  Grcrn  River 

6,228 

800 

1,139 

492 

8.659 

230.01 

1,991,62/ 

14,557 

1.350 

19,651,950 

0-36 

Laknta-  Oes  Heines 

48 

19 

67 

287.27 

19.247 

10.653 

1.350 

14. 381. 550 

0-37 

Upper  Green  River 

277 

3.92  3 

515 

100 

4.815 

147.70 

7H.I80 

3,554 

1.350 

4.797.900 

TOTAL 

GREEN  BASIN 

12.507 

7.979 

3.413 

1,726 

25,625 

tv. 204. 01 

5.227.780 

68,851 

tv. 1,350 

92.948.850 

7-1 

White  R i ver 

2.730 

11.036 

1.258 

50 

15.074 

156.14 

2.353.634 

12,235 

1.350 

16,517,250 

/*-2 

Carbon  River 

74 

922 

6 

10 

1,012 

125.79 

127,298 

1,422 

1.350 

1 ,919,700 

7-3 

Puyal  Itip  Ri  ver 

3.803 

6.700 

186 

284 

10.973 

160.02 

1.755.899 

22,083 

1.350 

29.812,050 

7-4 

South  Prairie  Creek 

75 

2.089 

50 

36 

2,250 

125.1' 

281,501 

973 

1.350 

1,313,550 

0-38 

Mylcbos  Creek 

819 

79 

165 

195 

1,258 

223.67 

281.375 

7,303 

1.350 

9.869,050 

0-39 

wapato  Creek 

1 .412 

130 

20 

137 

1,699 

215.34 

365.867 

3.859 

1.350 

6,209,660 

0-40 

Fort  Lewi s-Tatoma 

366 

231 

200 

209 

1,006 

207.29 

208.531 

75,300 

1,350 

101 ,655,000 

TOTAL 

PUYALLUP  BASIN 

9,279 

21,187 

1,885 

921 

33.272 

tv. 16). 52 

5.374.105 

123.175 

tv. 1.350 

166.286,250 

0-41 

Muck  Creek 

602 

3.838 

355 

380 

5,175 

146.37 

757,472 

3,171 

1.350 

4,280,850 

0-42 

Horn-Tanwax  Creeks 

332 

3,518 

250 

2 36 

4.336 

138.95 

602,486 

864 

1,350 

1,166.400 

0-43 

Ohrp  Creek 

243 

1.531 

195 

10 

14 

1,993 

152.40 

303.728 

790 

1.350 

1 ,066.500 

0-44 

Hashel  River 

38 

412 

90 

20 

560 

159.43 

89.283 

768 

1.350 

1 ,036.800 

0-45 

Nisqually  River 

2,361 

2,666 

723 

1,513 

200 

80 

7,543 

179.05 

1.350,587 

6,256 

1,350 

8,446.600 

TOTAL 

Nl SQUALLY  BASIN 

3,576 

11,965 

1,613 

2,139 

200 

114 

19,607 

»v. 158.29 

3.103,556 

11.849 

tv. 1.350 

15.996,150 

0-46 

Deschutes  River 

1 .012 

180 

683 

380 

60 

40 

2.355 

236.66 

557.344 

6.656 

1,350 

8,985.600 

0-47 

Mendt-rson  Inlet  Area 

1,603 

870 

1 ,890 

200 

4.563 

210.89 

962.287 

15.590 

1,350 

21,046,500 

0-48 

West  Budd  Inlet  Area 

340 

130 

266 

736 

215.88 

158,885 

5.7M 

1,350 

7,709,850 

TOTAL 

DCS CHUTES  BASIN 

2,955 

180 

1,683 

2,536 

260 

40 

7.654 

Rv.2l9.30 

1,678,516 

27,957 

tv. 1,350 

37.741,950 

0-49 

Skookur’  Creek 

696 

60 

620 

510 

1,886 

239.16 

451,051 

■<.578 

1.350 

6,180,300 

0-50 

Isabella  Creek 

150 

200 

108 

458 

258.97 

118,607 

3.062 

1,350 

4,133.700 

0-51 

Anderson  Island 

40 

100 

115 

150 

200 

605 

131.72 

79.693 

220 

1,350 

297.000 

0-52 

McNeil  Island 

300 

30 

739 

1,069 

133.55 

142.765 

189 

1.350 

255.150 

0-53 

Hartstene  Island 

30 

394 

424 

147.33 

62.470 

1,617 

1.350 

2,182.950 

0-54 

West  of  Shelton 

160 

50 

51 

261 

234.02 

61 .080 

2.906 

1.350 

3,923,100 

0-55 

Northwest  Shelton 

380 

740 

555 

1.675 

250.14 

418.986 

10,338 

1,350 

13.956,300 

0-56 

S.  Fork  Skokomish  River 

1.451 

80 

1,531 

236.87 

362.644 

374 

1,350 

504,900 

0-57 

44 

44 

230.70 

10.151 

532 

1,350 

718,200 

0-58 

West  Hood  Canal 

• 

• 

- 

- 

- 

- 

- - 

2,470 

1,350 

3.334.500 

0-59 

Tahuya  River 

69 

69 

230.70 

15,918 

992 

1,350 

1.339.200 

0-60 

North  Mood  Canal 

192 

160 

210 

562 

227.42 

127.81 1 

4,048 

1,350 

5.464,800 

0-62 

Carr  Inlet  Area 

2 70 

600 

350 

2,532 

80 

3,832 

157.60 

603.919 

14,549 

1,350 

19.641,150 

0-63 

Vashon  Island 

25 

20 

3.746 

3,791 

133.79 

507.215 

3.318 

1.350 

4,479.300 

0-66 

Mamr-a  Mena  River 

• 

- 

- 

- 

• 

- 

- - 

- 

- - 

368 

1,350 

496,800 

0-67 

Dosewa 1 1 i ps-Duckabosh 

217 

217 

230.70 

50.062 

1.773 

1,350 

2,393.550 

East  Mood  Canal 

178 

178 

230.70 

41 .065 

2,396 

1.350 

3.2  34  . 600 

0-69 

West  Kitsap  Area 

85 

465 

640 

3.420 

4,610 

)u2.2 

?>-».  >07 

18.08? 

1.350 

24.417,450 

0-70 

East  Ki tsap  Area 

600 

200 

750 

5,817 

7.367 

161.66 

1.190.982 

10,126 

1.350 

24,470.100 

0-71 

Qui Icene 

70 

2 

280 

495 

80 

92  7 

199.53 

184.965 

1.535 

1.350 

2,072.250 

0-72 

East  Jefferson 

1,300 

491 

1.703 

80 

3,574 

196.29 

701.  ). 

12,117 

1.350 

16.357,950 

0-73 

Chi  me cum 

1,300 

42 

4/8 

2,337 

20 

30 

4.207 

186.83 

786.013 

862 

1.350 

1,163,700 

0 75 

Sequim  Bay  Area 

80 

30 

586 

13 

709 

153.52 

108,844 

793 

1,350 

1,070,550 

0-76 

Johnson  Creek 

100 

1,200 

40 

2,468 

3.808 

131.78 

501.815 

1.119 

1,350 

1,510.650 

TOTAL 

WEST  SOUND  BASINS 

7.407 

2.969 

4,989 

25.786 

263 

390 

41,804 

Rv. 174.04 

7,275.695 

106.369 

tv. 1 .350 

IS},  198.150 

0-77 

Dunqeness  River 

5.650 

3,350 

80 

3.277 

12.357 

174.15 

2.152,015 

3.23) 

1.350 

4,364,550 

0-78 

McDonald  Creek 

126 

513 

10 

1,145 

10 

1.904 

135.16 

243,826 

177 

1.350 

238.950 

0-79 

Siebert  Crr.-fc 

2 

912 

40 

1,066 

2,020 

129.10 

260.777 

3)2 

1,350 

448.200 

0-80 

Morse  Creek 

190 

854 

45 

1,150 

2.2  39 

1)8.57 

310,262 

1.596 

1.350 

2.154,600 

0-81 

40 

20 

79 

139 

158.08 

21.973 

551 

1 350 

743.850 

0-82 

Port  Anqeles 

80 

660 

20 

613 

1.373 

133.14 

182.808 

4.522 

1,350 

6.104,700 

0-83 

Elwha  Alvar 

120 

126 

80 

200 

526 

183.61 

96.579 

57) 

1,350 

773,550 

TOTAL 

ELWHA- DUNCE NESS 

6,208 

6.435 

275 

7,530 

10 

20.458 

tv. 159.75 

3,268,240 

10.984 

tv. 1 ,350 

14,828,400 

0-11 

Orcas-Waldron  Islands 

1 . 100 

890 

50 

700 

500 

3.240 

174.60 

565,712 

3.760 

1 350 

5,076.000 

0-12 

San  Juan  Island 

4,006 

3,190 

68 

751 

737 

8.752 

178.53 

1,562.518 

4.460 

1,350 

6,021,000 

0-13 

Lope/, Blakely  Decatur  Is, 

1,918 

2.537 

200 

220 

1,323 

6.198 

177.01 

1,097,1)4 

3.672 

1.350 

4,957.200 

TOTAL 

SAN  JUAN  ISLAN0S 

7,024 

5,617 

318 

1 671 

2.560 

18.190 

lv.177.31 

3.225.364 

11.892 

Av. 1,350 

16,054.200 

|/  Any  dluripmclrt  due  to  roundlnq  Mgursi, 

i/  Dues  not  contain  cost  of  land*  eapected  to  change  from  eqri culture  to  urban  use. 
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TABLE  2-14.  Summary  of  wtimatad  drainage  coala  by  baain  and  watarshad  (1967  price  baaa)  (Cont'd) 


Hep 

No. 

Mate rsheda 

Cropland  draineqe  qroupa 

Wel qhted 
coat 
per 

acre 

Isai 

||B| 

Coat 

per 
ac  re 

Total 
urban 
and  rural 
non- farm 
2/ 

Group* 
1 f.  12 

Group* 
2.  7. 
& 16 

g| 

Group* 

6.8,9. 
1 II 

Groups 
lOfc  13 

Groups 
16  s 15 

Total 

(acre*) 

(acres) 

(acre*) 

(acres) 

(acre*) 

(acres) 

(acres) 

(dot lar  s) 

(do| lar*) 

(acre*) 

(dol lar*) 

(dot lara) 

10*1 

N.  Fork  Nookaack  River 

180 

392 

572 

151.99 

86.939 

1,966 

1.350 

2.627.100 

10-2 

M.  Fork  Nookaack  River 

81 

81 

230.70 

18,687 

260 

1,350 

351.000 

10-3 

S.  Fork  Nookaack  River 

2,211 

62 

260 

222 

2,735 

232.15 

636,918 

1,606 

1.350 

I.898.IOO 

10-6 

Middle  Triba.  Nookaack 

3.211 

1,656 

391 

1,553 

6.809 

187.07 

1.273.766 

1,605 

1.350 

1.896,750 

10-5 

Anderson  Creek 

380 

350 

65 

1,020 

85 

1,880 

157.12 

295.377 

207 

1.350 

279.650 

10-6 

Bar t rand-F i aht rap  Creek* 

1,666 

639 

3.373 

7,020 

1.030 

13.508 

202.65 

2.737.636 

1,867 

1.350 

2 ,520,660 

10-7 

Wiser  Lake-Tenmi le  Area 

2.661 

1 ,380 

6,600 

10.081 

530 

18,832 

196.11 

3.693.056 

1,577 

1,350 

2.128.950 

10-8 

Lower  Triba.  Nookaack 

7.317 

680 

578 

3.789 

395 

12,559 

200.96 

2.523.566 

1,668 

1.350 

2.251 .800 

ll-l 

Upper  South  Triba. 

79 

79 

132.00 

10,628 

269 

1.350 

363.150 

11-2 

Saar  Creek 

2,397 

260 

17$ 

651 

3.261 

216.86 

700,656 

220 

1 ; 350 

297.000 

ll-l 

Somes  River 

9,050 

1,686 

1.799 

1.963 

93 

103 

16,692 

217.67 

3.195,031 

1,219 

1,350 

1,665.650 

0-1 

Oakota  Creek 

60 

230 

6.936 

1,030 

6.236 

151.53 

966,928 

1.691 

1,350 

2,012.850 

0-2 

Coaatal  Creek* 

522 

200 

2,660 

150 

3,512 

161.83 

568.351 

3.890 

1.350 

5.251.500 

0-) 

Terrell  Creek 

60 

60 

5,136 

60 

5.256 

136.90 

709.069 

529 

1.350 

716,150 

0-6 

California  Creek 

350 

580 

5.331 

760 

7.001 

161 .87 

1.133.220 

919 

1.350 

1.260.650 

0-5 

Silver  Creek 

805 

160 

3.956 

80 

6,999 

155.89 

779.279 

1,266 

1.350 

1,706.600 

0-6 

Squalled  Creek 

116 

6,030 

180 

6,326 

160.56 

608,053 

3.862 

1,350 

5,186.700 

0-7 

Lake  Vhatcnm 

220 

170 

176 

566 

235.66 

133.270 

5.303 

1.350 

7,159.050 

0-8 

Chut ken. ><  Mountain 

103 

20 

178 

301 

219.21 

65.981 

3.586 

1.350 

6,861,100 

0-9 

lummi  fa  land 

27 

3,377 

60 

3.666 

133.56 

659.913 

697 

1.350 

960,950 

TOTAL 

N00KSACK-SUMAS  BASINS 

31.021 

6,661 

12,535 

55.758 

6.571 

103 

110,669 

tv.  185.92 

20,571 .878 

33.565 

lv. 1,350 

65.312.750 

9-1 

Upper  Ska9it  River 

1.089 

30 

20 

30 

1,169 

225.22 

263.288 

6,117 

1.350 

5.557.950 

9-2 

Baker  River 

75 

33 

108 

266.76 

28.810 

198 

1,350 

267.300 

9-3 

Caacade  River 

78 

78 

230.70 

17.995 

887 

1.350 

1.197,650 

9-6 

Suiattle  River 

36 

36 

230.70 

7.866 

166 

1.350 

226,100 

9-5 

Sauk  River 

502 

65 

65 

592 

232.17 

137.666 

3.292 

1,350 

6,666,200 

9-6 

North  Skaqi t Triba . 

5.832 

90 

55 

110 

200 

150 

6.637 

223.66 

1.639.668 

2.679 

1.350 

3.616,650 

9-7 

South  Skaqi t Triba. 

1,621 

20 

160 

1,601 

213.61 

361.66*. 

1,107 

1,350 

1 .696,650 

9-8 

Ceqes  Slough 

6.962 

13 

62 

70 

7.087 

230.01 

1.630,070 

6,861 

1.350 

6.535.350 

9-9 

Nookachampa 

6,818 

386 

769 

650 

19 

6.660 

222.63 

1.676.963 

2.766 

1.350 

3.731.600 

9-10 

South  Nt.  Vernon 

6,130 

636 

50 

1,398 

280 

9 

10.501 

210.18 

2,207.082 

6.231 

1,350 

5.711.850 

0-16 

Semlsh  River 

20.689 

60 

773 

838 

2.995 

199 

25.356 

225.66 

5.720,887 

3.985 

1,350 

9.379.750 

0-10 

Fldsfgo  Island  Croup 

1,660 

50 

669 

727 

3.086 

206. ’S 

630,012 

6,801 

1.350 

9.181.350 

0-15 

Skaqi t Flats 

26,202 

150 

216 

1.836 

28.602 

227.26 

6.653.955 

3.828 

1.350 

5,167.800 

TOTAL 

SKAGIT-SAMISH  BASINS 

77.292 

966 

1.603 

6,105 

6.788 

537 

91,089 

tv. 223. 67 

20.355.683 

38.896 

lv. 1.350 

52.509.600 

0-17 

N.  Fork  Sti 1 laquamiah 

3.837 

350 

695 

6.682 

279.09 

1.072.592 

2.900 

1,350 

3.915.000 

0-18 

S.  Fork  Sti 1 laquamiah 

1.300 

665 

379 

2,366 

268.23 

581.863 

1.670 

1.350 

2.256.500 

0-19 

Jim  Creak 

655 

50 

60 

125 

670 

210.76 

161,209 

971 

1,350 

1.310.850 

0-20 

Pi  1 chuck  Creek 

1,157 

587 

268 

2,012 

251.08 

507.001 

1.663 

1,350 

1,975,050 

0-21 

Lower  Sti 1 laquamiah 

9.656 

1,676 

3,570 

30/ 

15.007 

217.M 

3.258,239 

6.159 

1,350 

5.616,650 

0-22 

Churck  Creek 

1,970 

328 

2,126 

6,626 

192.02 

869,696 

1.667 

1,350 

1.980,650 

TOTAL 

STILLAGUANISH  BASIN 

18,173 

50 

3.666 

6.963 

307 

29,139 

lv. 219.99 

6,610.378 

12,630 

tv. 1,350 

17,050,500 

0-16 

North  Island 

1,620 

1,861 

600 

6,667 

160 

8,708 

155.73 

'.356,067 

10,199 

1,350 

13.768.650 

0-23 

Camano  Island 

860 

60 

60 

980 

596 

2.696 

186.18 

659.363 

3.862 

1.350 

5.213.700 

0-26 

Cantral  Island 

613 

1,150 

80 

3,085 

617 

5.365 

132.26 

706.815 

6.332 

1.350 

5.868,200 

0-25 

South  Island 

858 

678 

3.665 

125 

5,126 

175.6/ 

900,510 

5,013 

1,350 

6.767,550 

TOTAL 

WWI 0B FT- CAMANO  ISLANDS 

3,731 

3.051 

1,198 

12,197 

596 

902 

21.673 

lv. 157.93 

3.622.735 

23.606 

tv. 1,350 

31,598.100 

8e 

Snoquelmie  River 

9,755 

60 

2,665 

3.670 

10 

16.160 

227.36 

3.669.617 

9,376 

1.350 

12.656,900 

86-1 

Skykumlsh  River 

3,911 

229 

658 

6.798 

222.80 

1.068.983 

9.016 

1,350 

12.171.600 

8b- 2 

Sultan  River 

269 

96 

20 

363 

255.83 

92.865 

617 

1,350 

562.950 

8b-6 

Woods  Creek 

1.058 

315 

380 

1,391 

3.166 

189.79 

596.703 

1.590 

1,350 

2.166,500 

8-1 

Pi  Ichuck  River 

2.668 

135 

1 .870 

1.632 

6 085 

237.95 

1.  *.67, 963 

7.282 

1.350 

9.830.700 

8-2 

French  Creek 

2.861 

30 

3,010 

1,189 

7.070 

263.86 

1,86  520 

2.060 

1,350 

2,781,000 

8-3 

Cathcart  Area 

1.060 

112 

678 

1,630 

209.87 

362,062 

567 

1.350 

765.650 

8-6 

Snohomish  Estuary 

3,713 

2,701 

11,326 

60 

17.778 

185.60 

3.296.077 

15.270 

1,350 

20 i6 14,500 

8-5 

Marshland  Area 

2,708 

2.883 

60 

5.631 

290.63 

1.635.605 

2.312 

1,350 

3/121 .200 

0-26 

lAaonda-Muki Iteo 

• 

- 

- 

- 

• 

- 

- 

- - 

16.873 

1,350 

20,078,550 

0-33 

Tulalip-warm  Beach 

606 

100 

166 

668 

226.16 

169.726 

2,956 

1.750 

3.987.900 

TOTAL 

SNOHOMISH  BASIN 

26.127 

520 

16,066 

20.566 

50 

63.307 

lv. 223. 75 

16. 166. 919 

65,715 

tv. 1,350 

88,715.250 

0-27 

Swamp .Bear .North  Creeks 

928 

1.581 

1,317 

3,826 

265.50 

939,276 

21.008 

1 .350 

28,360.800 

0-28 

Lake  weshlnqton 

635 

533 

507 

1.675 

239.62 

353.151 

66.797 

1,350 

87,675.950 

0-29 

Upper  West  Slope  Seattle 

- 

• 

• 

- 

- 

- - 

20.392 

1.350 

27,529.200 

0-30 

Sammamish  River 

2,307 

2.156 

6,010 

169 

10,660 

196.29 

2.088,539 

18,517 

1.350 

26*997.950 

0-31 

Cedar  RUer 

650 

370 

362 

235 

20 

1,637 

216. 71 

351.679 

7.»8l 

1,350 

9,696, 350 

TOTAL 

CEDAR  BASIN 

6,320 

370 

6.630 

8.069 

189 

17,578 

lv.212.36 

3.732.665 

m.695 

tv. 1.350 

178,058.250 
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In  arriving  at  these  costs,  the  1967  average 
installation  costs  in  the  Puget  Sound  Area  were 
evaluated.  Unit  costs  were  taken  as  $.75  per  foot  for 
six-inch  lines;  $1  per  foot  in  soils  where  trenching  is 
more  difficult;  and  $1.15  per  foot  for  eight-inch 
outlet  lines.  These  costs  are  approximately  doubled 
where  graded  filter  needs  to  be  placed  around  the  tile. 

Drainage  benefits  have  been  developed  more 
fully  in  Appendix  V,  Chapter.  2,  Agriculture,  by 
comparing  farm  budgets  before  and  after  drainage. 
These  net  benefits  have  been  found  to  equal  $16.10 
an  acre1  on  the  average.  While  costs  vary  somewhat 
with  location,  land  condition,  and  farm  operation, 
they  illustrate  that  benefits  from  drainage,  provided 
drainage  outlets  are  available,  and  provided  certain 
tax  relief,  credit  assistance,  marketing,  and  other 
minimum  conditions  related  to  the  economic  stability 
of  the  farm  unit  are  maintained.  These  benefits  are 
sufficient  to  conclude  that  the  drainage  described  will 
be  installed  by  private  enterprise  during  the  years 
indicated.  The  net  benefit  shown  above  represents  an 
average  value.  Obviously  this  value  should  not  be  used 
for  a specific  site  without  further  consideration. 
Assistance  on  site  determination  or  outlets  may  be 
obtained  by  land  managers  from  the  local  soil  and 
water  conservation  districts. 

Urban  Drainage 

Areas  under  urban  development  have  a high 
proportion  of  the  area  under  roofs  and  paving  which 
causes  excess  water  to  flow  onto  exposed  land  areas 
within  the  development.  Even  well-drained  soils 
require  drainage  facilities  to  dispose  of  excess  water 
during  infrequent  storms.  Permanent  drainage  instal- 
lations are  considered  necessary  on  all  lands  in  urban 
developments  in  the  Puget  Sound  Area.  The  proposal 
in  this  Appendix  provides  that  all  land  devoted  to 
urban  development  will  have  adequate  drainage 
installed  by  the  year  2020. 

Based  on  the  development  density  of  approxi- 
mately three  houses  per  acre,  the  average  develop- 
ment cost  is  estimated  at  about  $1 ,350  per  acre.  This 
is  for  developments  located  on  moderately  good  sites. 
No  estimate  is  made  for  developments  on  essentially 
unstable  soil  sites.  Each  site  developed  should  be 
examined  for  specific  needs. 

Benefits  are  considered  to  be  far  in  excess  of 
the  computed  average  annual  cost  of  $33,  approxi- 


mately, per  house.  Additional  benefits  to  be  realized 
from  drainage  occur  in  the  form  of  reduced  shrink- 
swell  of  the  soil  which  results  in  stable  floors  and 
foundations;  reduction  of  dry  rot  in  sills  and  floor 
joists;  and  reduction  of  water  seeps  into  basements. 
This  drainage  cost  does  not  provide  outlets  for  storm 
surface  waters,  and  the  Drainage  and  Land  Stabiliza- 
tion Committee  has  found  no  method  of  calculating 
expected  costs  for  urban  surface  water  removal. 


IRRIGATION 

Irrigation  of  cropland  has  historically  been  by 
individual  initiative,  largely  using  portable  sprinkler 
distribution  of  water  supplied  by  private  pumping 
from  ground  water  supplies  or  diversion  from  streams 
or  farm  ponds.  Community  irrigation  districts  or 
companies  operate  in  the  Dungeness  Basin  where 
natural  rainfall  is  lower  than  for  the  greater  part  of 
the  Area.  There  are  at  least  two  potential  project -type 
developments  for  irrigation  reported  in  Appendix 
VII,  Irrigation. 

Irrigation  will  continue  to  be  largely  by 
individual  choice  through  1980  and  will  be  based  to  a 
large  extent  on  profit  incentive,  depending  on  future 
market  conditions  in  the  Area.  Irrigated  cropland 
needed  in  2020,  projected  on  the  basis  of  full 
development  of  land  used  for  crops,  is  396,000 
acres.  2 The  Irrigation  Committee  estimates  the 
amount  irrigated  in  2020  will  be  223,000  acres 
(Appendix  VII,  Irrigation,  Table  2-12).  The 
difference  of  173,000  acres  of  irrigated  land,  if  borne 
out  by  future  events,  will  represent  a production 
deficiency  and  will  add  to  the  relative  future  imports 
required  for  the  Area. 

Potentials  exist  for  the  use  of  cooling  water 
derived  from  thermal  power  generation  and  other 
sources  for  irrigation  in  lieu  of  cooling  operations.  A 
potential  for  irrigation  of  forest  land  also  exists.3 

1 See  Appendix  V,  Water-Related  Land  Resources,  Chapter 
2,  Agriculture,  Exhibit  6. 

2 Appendix  V,  Water-Related  Land  Reaourcet,  Chapter  2, 
Agriculture. 

3 Appendix  V,  Water-Related  Land  Resources,  Chapter  3. 
Forests. 
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IMPLEMENTATION  OF  PLAN 


COMPREHENSIVE  PROGRAM  FOR 
WATERSHED  MANAGEMENT 

The  results  of  the  coordinated  studies  under- 
taken in  the  Puget  Sound  Area  indicate  a need  for 
establishing,  by  time  periods,  those  land  treatment 
and  management  measures  and  practices  that  will 
enhance  the  conservation  and  development  of  water 
and  related  land  resources.  The  application  of  water- 
shed protection  and  improvement  practices  on  all 
land  according  to  its  use  and  capability  will  reduce 
erosion  and  the  resultant  sediment  pollution  of  rivers, 
streams,  and  reservoirs;  result  in  improved  hydrologic 
conditions;  and  contribute  to  sustained  productivity 
of  forest  lands,  croplands,  and  range  lands.  The 
recreation  and  wildlife  practices  will  increase  the 
private  sector’s  participation  in  this  field  of  conserva- 
tion effort.  The  application  of  projects  and  conserva- 
tion measures  will  contribute  to  environmental 
qualities,  natural  beauty,  and  other  elements  essential 
to  wholesome  living. 

The  coordinated  study  reveals  a need  for 
structural  works  of  improvement  for  flood  prevention 
and  flood  control,  and  a need  for  drainage  of  lands  to 
permit  more  intensive  use.  Irrigation  will  be  required 
to  achieve  production  levels  expected  from  some 
croplands. 

The  study  indicates  a need  for  practices  related 
to  specific  use  and  multiple  use  of  lands  to  achieve 
their  potential  for  fish  and  wildlife  habitat,  recrea- 
tion, municipal  and  industrial  water,  high  or  sustained 
water  quality,  and  related  desirable  environmental 
qualities. 

The  program  of  watershed  management  is 
planned  to  bring  about  improvements  in  the  use  and 
management  of  the  land  and  water  to  meet  increasing 
needs  of  the  population  in  the  time  periods  covered 
by  this  study.  The  program  provides  for  shifts  in  land 
use  as  needs  of  the  population  increase,  and  provides 
for  development  of  urban  and  rural  lands  in  a balance 
planned  to  conserve  and  develop  environmental 
qualities  of  the  Area  while  permitting  continued 
economic  development.  There  are  adequate  land  and 
water  resources  to  permit  this  program  to  be  effec- 
tive, provided  the  uae  of  resources  is  planned  to 
achieve  an  average  population  density  of  six  or  more 
persons  per  acre  in  areas  to  be  developed  for  urban 
use;  and  providing  the  present  adverse  trends  in 
expansion  of  unplanned  urban  growth  into  the  best 


agricultural  lands  are  reversed.  These  lands  are  located 
mainly  in  the  alluvial  flood  plains  of  the  rivers  and 
tributary  streams  of  the  Area.  Certain  policy  clarifica- 
tion and  legislative  improvement,  together  with  other 
incentives,  funding,  and  supervision,  are  required  to 
achieve  better  long-range  utilization  and  management. 

ROLE  OF  COOPERATING  AGENCIES 
AND  INDIVIDUALS 

Private  S actor 

Much  watershed  land  is  managed  by  private 
enterprise,  and  there  is  great  diversity  of  scope  and 
purpose  in  nur.^ment.  Activities  affecting  the  land 
surface  affect  the  land-water  relationship,  and  these 
activities  vary  within  the  entire  range  of  human 
enterprise.  Most  private  enterprise  activities  depend 
on  a profit  motive.  Some  of  these  activities  are 
regulated  in  the  public  interest;  others  frequently  are 
assisted  by  government  at  all  levels  through  contribu- 
tions of  technical  assistance  or  other  services,  and  by 
financial  or  credit  assistance,  lower  taxes,  or  other 
incentives. 

State  of  Watfiington 

The  State  manages  large  areas  of  land  under  its 
administration  and  assists  in  financing  flood  control, 
water  supply,  drainage,  and  conservation  planning. 
The  State  has  the  responsibility  of  reviewing  struc- 
tures erected  in  flood  plains,  and  exercises  broad 
powers  in  pollution  prevention.  Much  State  activity  is 
directed  into  cooperative  relations  with  the  Federal 
Government  and  the  private  sector.  Subdivisions  of 
the  State  (counties,  cities,  and  functional  districts) 
have  broad  powers  to  undertake  or  sponsor  improve- 
ment projects  for  watershed  management  purposes. 
The  State  has  an  important  role  in  coordinating 
significant  portions  of  Federal  programs  affecting 
non-Federal  lands. 

Federal  Government 

Many  agencies  of  the  Federal  Government 
cooperate  directly  with  the  private  sector,  the  State, 
and  other  Federal  agencies,  whose  roles  are  outlined 
here.  A few  of  the  agencies  most  directly  involved  are 
listed  individually. 

The  United  States  Army  Corps  of  Engineers, 
through  its  civil  works  program,  provides  investiga- 
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tion  and  construction  of  works  of  improvement  for 
navigation,  flood  control,  and  other  functions,  as 
authorized  by  Congress.  In  addition,  in  emergencies 
the  Corps  engages  in  repair  of  flood  control  facilities, 
and.  when  called  upon,  in  flood  fighting  and  rescue 
work.  Major  flood  control  projects  of  the  Corps  are 
described  in  Appendix  XII,  Flood  Control,  and  are 
not  repeated  here.  Adequate  protection  from  flood 
damage  is  a prerequisite  for  many  subsequent  invest- 
ments in  development  of  land  and  management  of 
water. 

The  United  States  Department  of  Agriculture, 
through  its  various  agencies,  provides  technical  and 
financial  assistance  to  local  organizations,  including 
the  State  and  its  subdivisions,  in  flood  prevention, 
water  management,  some  aspects  of  pollution  preven- 
tion, and  related  conservation  activities.  The  program 
and  projects  of  the  Department  of  Agriculture  are 
given  later  in  this  Appendix,  as  this  information  is  not 
presented  elsewhere. 

Early  action  projects  presented  in  the  Depart- 
ment of  Agriculture’s  program  have  been  coordinated 
with  Corps  of  Engineers’  projects  for  early  action, 
listed  in  Appendix  XII.  Final  coordination  with  Corps 
of  Engineers’  projects  and  with  projects  of  the  State 
of  Washington  at  the  project  level  will  depend  on 
timely  authorization  procedures  for  full  benefits. 
Similar  coordination  with  Department  of  the  Interior 
activities  will  be  handled  at  the  project  level  with  the 
assistance  of  the  State. 

The  Bureau  of  Reclamation,  United  States 
Department  of  the  Interior,  has  authority  to  con- 
struct irrigation  facilities;  to  assist  in  replacing  or 
repairing  irrigation  and  related  facilities  damaged  by 
flood  or  similar  disaster;  and  to  construct  water 
storage  facilities  for  multiple  purposes,  including 
development,  protection,  conservation,  and  preserva- 
tion. The  program  of  the  Bureau  of  Reclamation  is 
given  in  Appendix  XII,  Irrigation. 

Department  of  the  Interior  programs  cover  a 
broad  area  of  conservation  and  preservation  objec- 
tives, including  the  management  of  substantial  areas 
of  land  in  national  wildlife  refuges  and  national  parks 
in  the  Puget  Sound  Area. 

Other  cooperating  agencies  include  the  Weather 
Bureau,  of  the  United  States  Department  of  Com- 
merce, the  United  States  Department  of  Housing  and 
Urban  Development,  and  the  Office  of  Emergency 
Planning. 


MEASURES  FOR  REHABILITATION 
AND  PROTECTION  OF 
WATERSHED  LANDS 

Measures  for  the  rehabilitation  and  protection 
of  watershed  lands  consist  of;  (a)  treatment  to  restore 
damaged  land  as  nearly  as  practical  to  its  former  state 
of  reserve  productivity;  (b)  use  of  the  land  within  its 
capabilities;  and  (c)  treatment  within  practical  limits, 
according  to  its  chosen  use  to  prevent  further 
deterioration  of  soil  and  water  resources.  Other 
measures  are  planned  to  reduce  damages  from  flood- 
water  and  sediment,  assist  in  stabilization  of  critical 
areas,  or  to  achieve  management  benefits  stemming 
from  improved  conservation  management  of  hnd  and 
water  resources.  Measures  are  usually  applied  in 
groups  for  effectiveness;  thus,  a given  acre  may  have 
one  or  more  measures  selected  in  kind  and  intensity 
of  application  and  applied  in  combinations  planned 
to  achieve  protection  under  practical  conditions  of 
use  or  development.  Functions  benefiting  generally  or 
specifically  from  installation  of  planned  measures 
cover  a wide  spectrum  but  usually  include  farming, 
forestry,  recreation,  fish  and  wildlife  habitat,  water 
quality,  water  supply,  urban  uses,  and  general  hydro- 
logic  condition. 

The  responsibility  for  installing  these  measures 
generally  will  fall  on  the  owner  of  the  land.  In  the 
case  of  public  lands,  this  responsibility  belongs  to  the 
administrative  agency. 

ESTIMATED  COSTS 

Programs  for  development  and  management  of 
resources  to  satisfy  the  needs  of  a population  of  6.8 
million  expected  by  2020  will  require  the  expendi- 
ture of  considerable  sums  of  money,  both  public  and 
private.  Continuing  and  accelerating  the  current 
programs  will  be  required,  plus  construction  of 
projects. 

Summaries  of  estimated  program  costs,  by  time 
periods,  are  given  in  Tables  2-15,  2-16,  and  2-17. 
These  costs  do  not  include  flood  control  or  other 
costs  reported  in  separate  appendices. 

The  unit  costs  used  in  estimating  figures  under 
“Federal”  are  those  associated  with  United  States 
Department  of  Agriculture  programs  or  their  equiva- 
lent. Examples  of  such  programs  are  those  admin- 
istered by  the  Forest  Service,  the  Soil  Conservation 
Service,  the  Agricultural  Stabilization  and  Conserva- 
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tion  Service  and  the  Cooperative  Extension  Service. 
Management  costs  estimated  for  Federal  lands  are 
listed  under  "Federal.”  The  Federal  costs  are  based 
on  1967  prices  and  where  these  costs  are  amortized 
to  compute  benefit -cost  comparisons,  an  interest  rate 
of  4-5/8  percent  for  a 100-year  term  has  been  used. 

Technical  assistance  and  management  costs  on 
lands  administered  by  the  Washington  State  Depart- 
ment of  Natural  Resources  are  based  on  1964  price*.. 

“Other"  or  private  costs  are  considered  to  be 
met  by  funds  derived  from  the  private  sector  in 
conformity  with  existing  administrative  policy  to 
meet  the  non-Federal  share  of  installation,  operation, 
and  maintenance  of  project  works  of  improvement,  as 
well  as  funds  required  for  other  management.  These  - 
costs  are  based  on  1967  dollars  and  where  amortized, 
a 6 percent  rate  for  a 30-year  period  is  used. 

It  sould  be  noted  that  private  costs  shown  in 
the  tables  are  cumulative  by  time  periods  and  include 
costs  borne  by  local  improvement  districts  as  well  as 
private  individuals.  A large  share  of  these  costs  are 
ongoing  management  costs  incurred  whether  or  not 
th».  proposed  plan  is  implemented.  In  this  category 
are  developmental  and  maintenance  costs  expected  to 
be  incurred  to  achieve  known  potentials.  The  early 
action  projects  will  provide  incentives  and  oppor- 


tunities for  feasible  optional  investment  and  redirec- 
ted management  to  develop  the  Area  in  line  with  the 
prudent  economic  opportunity  of  future  yean.  Logi- 
cally, the  true  cost  of  the  plan  would  be  the  net 
difference  between  costs  currently  incurred  and  costs 
with  the  plan,  but  because  of  the  redirected  manage- 
ment and  other  variables  implied,  this  net  difference 
in  cost  has  not  been  computed.  The  total  expected 
cost  is  therefore  used  to  compute  benefit  and  cost 
comparisons. 

DEPARTMENT  OF  AGRICULTURE 
EARLY  ACTION 
AND  OTHER  PROGRAMS 

The  programs  of  the  United  States  Department 
of  Agriculture  include  a large  part  of  the  technical 
and  financial  assistance  furnished  for  installing  water- 
shed rehabilitation  and  protection  measures  on 
private  lands,  as  well  as  for  the  installation  of  similar 
measures  on  national  forest  lands.  This  work  includes 
extensive  cooperation  with  various  State  and  Federal 
agencies  in  areas  of  mutual  responsibility.  On-going 
programs  of  the  Department  are  expected  to  con- 
tinue, with  redirection  as  necessary  to  best  meet  the 
needs  of  the  times. 


TABLE  2-16.  Summary  of  program  costs  first  IS  years,  Puget  Sound  Area1  (in  thousands  of  dollars) 


Fadsral  Costs  (USOA) Stf  and  Other  Costs  Including  Private  Investmant 


Basin 

TtcftnicU 
a mu!  a2 
■Maps* 

Structural 

Msanas 

Install- 

ation^ 

Hi 

Tacbntcaf 

Assist.  A 

M snags 

Structural 

Measures 

Rights- 
of  Way 

O par  at  ion 

Maint.  A 
Replace 
Structural 
M«um4 

Water 

Manage. 

Urban 

Drainage 

Land 

Treatment 

Total 

Noofcttcfc-Swnai 

10,694 

7.738 

501 

8.466 

1,357 

1.879 

2.469 

14,616 

15,404 

10,961 

73.974 

Skagit-Samish 

31.760 

7.225 

245 

9.566 

1,287 

2,125 

2.393 

14.063 

22.796 

9,118 

100.566 

Stillaguamith 

7,377 

1,149 

58 

6,325 

235 

261 

370 

4,814 

7,596 

3.524 

30,706 

Whtdbey-Camano 

1,117 

0 

0 

1.124 

0 

0 

0 

1,623 

10.533 

1.969 

16,266 

Snohomish 

19,623 

1,881 

641 

14,428 

324 

296 

563 

7,994 

58.622 

7.096 

111,570 

Cadar 

4,446 

1.529 

1,329 

3,763 

80 

571 

491 

930 

139.316 

1,362 

153.607 

Graan 

7,020 

0 

0 

3,079 

0 

0 

0 

2.169 

59,764 

2.806 

74,618 

Puyallup 

10,094 

3,025 

445 

7.897 

469 

1,478 

1,119 

2.790 

110.701 

3.745 

141.763 

N (squally 

4,537 

0 

0 

7,961 

0 

0 

0 

689 

5,374 

3,184 

21.746 

Daschutat 

1,317 

0 

0 

3,096 

0 

0 

0 

441 

12.539 

1,572 

18,965 

Watt  Sound 

19,764 

736 

206 

19,718 

27 

316 

243 

3.743 

47.866 

6,108 

98.726 

E twha  Ounganass 

7.037 

0 

0 

2,205 

0 

0 

0 

1,761 

4.942 

1.907 

17,862 

San  Juan 

2,134 

0 

0 

990 

0 

0 

0 

1.828 

5.361 

1.594 

11.897 

Total 

127,010 

23.077 

3,424 

87,627 

3,084 

6,926 

7,648 

57.361 

500.692 

84.838* 

872.677 

1 Baa#  1967  pricas. 

3 Dots  not  inefud#  technical  assistant*  and  manat# mant  corn  for  urban  drainage. 

3 Ooas  not  include  costs  of  flood  control  (Saa  Appendix  XII,  Flood  Control). 

4 Baaa:  1967  adlustad  normaliied  pricas. 

* Tha  «<m  of  6600,000  should  ba  addad  for  a data* lad  study  of  baach  arosion  probiamt  and  ramadlas  undar  laadarship  of  tha 
Oapartmant  of  tha  Army.  In  addition,  $2,360,000  should  ba  addad  for  oooparativa  monitoring  of  sadimant  and  $3,000,000 
for  oooparativa  soil  survays  undar  laadarship  of  tha  USOA. 
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TABLE  2-16.  Summary  of  program  cost*,  1980-2000,  Pugat  Sound  Araa1  (in  thousand!  of  dollars) 


Federal  Costs  (USDA) State  and  Other  Costs  Including  Private  Investment 

Operation 

Structural  Maint.  & 


Basin 

Technical 
Assist.  &2,3 

Manage.* 

Measures 

Installa- 

tion3 

Accelerated 
T echnicel 
Assistance* 

Technical 
Assist.  & 
Manage.* 

Replace. 

Structural 

Measures 

Water 

Manage. 

Urban 

Orainage 

Land 

T reatment 

Total 

Nooksack-Sumas 

11,863 

5.960 

501 

11,276 

1,785 

17,864 

14,271 

14,614 

78,124 

Skagit-Samish 

42,147 

1,850 

245 

12,779 

555 

17,606 

14,292 

12,157 

101,631 

Stillaguamish 

9.776 

5.620 

115 

7.100 

1.686 

2,926 

5,225 

4,339 

36,786 

Whidbey-Camano 

1,653 

3,245 

71 

1,498 

973 

2,566 

10,099 

2.625 

22.630 

Snohomish 

41,209 

12,240 

1.496 

19,238 

3,672 

5,036 

58,522 

8.726 

150,139 

Cedar 

7.667 

3,810 

1,329 

5.018 

1,143 

660 

135.219 

1.432 

156,278 

Green 

12.239 

1,700 

443 

4.106 

510 

1,413 

57,996 

2.779 

81,186 

Puyallup 

19,171 

4.167 

593 

10,529 

600 

2,769 

56,114 

4,957 

98,890 

Nisqually 

8.406 

2,930 

458 

10,615 

879 

579 

10.437 

4,245 

38,549 

Oaschutes 

2,118 

1,410 

344 

4,128 

423 

354 

24,351 

2,096 

36,224 

West  Sound 

33,142 

8.055 

1,637 

26,291 

2,417 

2,388 

50,100 

8,144 

132,174 

Elwha-Dungenets 

11,487 

2,962 

232 

2,940 

889 

1,227 

4,801 

2,542 

27,080 

San  Juan 

2,871 

2,736 

135 

1,321 

821 

2.436 

5,100 

2.126 

17.546 

Total 

203,649 

56,675 

7.599 

116,839 

16,363 

57,813 

446,527 

70,78 2* 

976,237 

1 Bate:  1967  adjusted  normalized  prices,  except  items  asterisked. 

Does  not  include  technical  assistance  and  management  costs  for  urban  drainage. 

3 Does  not  include  costs  of  flood  control.  (See  Appendix  XII,  Flood  Control). 

4 The  sum  of  $100  million  should  be  added  for  beach  stabilization  under  leadership  of  the  Department  of  the  Army:  and 
$160,000  annually  for  cooperative  sediment  monitoring  under  leadership  of  the  USDA. 


Some  of  the  principal  legislative  authorities  for 
programs  of  the  Department  of  Agriculture  related  to 
watershed  management  activities  are  listed  here. 
Many  of  these  Acts  have  been  modified  by  amend- 
ments and  further  information  is  given  in  Appendix 
II,  Political  and  Legislative  Environment,  or  may  be 
obtained  from  Departmental  sources. 

Soil  Conservation  Service  Act  (PL  46, 193S) 
Omnibus  Flood  Control  Act  (PL  738, 1936) 

Flood  Control  Act  (PL  534, 1944) 

Watershed  Protection  and  Flood  Prevention  Act 
(PL  566, 1954) 

Plains  Conservation  Act  (PL  1021 , 1956) 

Resource  Conservation  and  Development  Act 
(PL  87-703, 1962) 

Agricultural  Conservation  and  Domestic 
Allotment  Act  (PL  74,Stat.  163) 

Agricultural  Stabilization  Act  (PL  88-26,  Stat.  44, 
and  others) 

Cooperative  Agriculture  and  Forest  Research  Act 
(PL  84-352, 69  Stat.  671) 


Cooperative  Extension  Act  (PL  83-83, 1914) 
Farmers  Cooperative  Service  Act  (PL  44, 

Stat.  802, 1926) 

Consolidated  Farmers  Home  Administration 
Act  (1961) 

Forest  Service  Cooperative  State  and  Private 
Programs  Act  (PL  43-653, 1924) 

Forest  Products  Act  (PL  70-466, 1928) 
Agricultural  Stabilization  Act  (PL  81-439, 1949, 
and  others) 

Rural  Electrification  Act  (74-605, 1936) 

Federally  appropriated  funds  are  managed  to 
maintain  watershed  rehabilitation  and  protection 
measures  on  lands  administered  by  the  Department. 
Similarly,  appropriated  funds  enable  the  Department 
to  participate  in  cooperative  programs  with  other 
Federal  agencies  and  with  the  State  of  Waahir«ton  in 
planning  and  installing  such  measures  on  other  lands. 
In  this  way,  technical  and  financial  assistance  is 
extended  to  governmental  subdivisions  of  the  State, 
to  informal  management  organizations,  and  to 
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TABLE  2-17.  Summary  of  program  costs,  2000-2020,  Pugat  Sound  Araa1  (in  thousands  of  dollars) 


Federal  Costs  IUSOA)  State  and  Other  Costs  Including  Private  Investment 

” Operation 

Structural  Maint.  & 


Technical 

Measures 

Accelerated 

Technical 

Replace. 

Assist.  A2'3 

Installa- 

Technical 

Assist.  A 

Structural 

Water 

Urban 

Land 

Basin 

Manage.* 

tion3 

Assistance* 

Manage.* 

Measures 

Manage. 

Drainage  Treatment 

Total 

Nooksack-Sumas 

10,706 

936 

418 

11,276 

281 

12,720 

15,638 

14,614 

66.590 

Skagit-Samish 

36,596 

1,460 

409 

12,779 

438 

31,965 

15,422 

12,157 

111.216 

Stillaguamish 

7.993 

1.310 

116 

7,100 

393 

4,315 

4.686 

4,338 

30,250 

Whidbey-Camano 

1,653 

0 

0 

1,496 

0 

3,000 

10,966 

2,625 

19,642 

Snohomish 

42,638 

100 

214 

19.238 

30 

6,797 

58,522 

8,141 

136,670 

Cedar 

7,661 

100 

443 

5.018 

30 

1,671 

136,219 

900 

151,042 

Green 

12,236 

100 

443 

4,106 

30 

2,244 

57,996 

2,108 

79,262 

Puyallup 

19,564 

0 

0 

10.529 

0 

3.000 

101,137 

4,034 

138,264 

Nisqually 

8,662 

100 

115 

10,615 

30 

969 

320 

4,245 

25.036 

Deschutes 

2,155 

0 

0 

4,128 

0 

369 

852 

2,096 

9,600 

West  Sound 

36,336 

970 

955 

26.291 

291 

3,267 

45,633 

8,144 

121,877 

Elwhe-Dungeness 

12.121 

300 

93 

2,940 

90 

1.666 

5,085 

2,542 

24,827 

San  Juan 

2,871 

0 

0 

1.321 

0 

1,800 

5,602 

2,126 

13,720 

Total 

201,073 

5.376 

3,205 

116,838 

1.613 

73.743 

457,078 

68.0704 

926,996 

1 Base:  1967  adjusted  normalized  prices,  except  items  asterisked. 

o 

Does  not  include  technical  assistance  and  management  costs  for  urban  drainage. 

3 Does  not  include  costs  of  flood  control.  ( See  Appendix  XII.  Flood  Control). 

4 The  aim  of  $100  million  should  be  added  for  beach  stabilization  under  leadership  of  the  Department  of  the  Army;  and 
$160,000  annually  for  cooperative  sediment  monitoring  under  leadership  of  the  USD  A. 


individual  owners  and  operators  in  this  work. 

Costs  of  measures  applied  to  federally  admin- 
istered lands  are  from  funds  of  the  administering 
agency.  Measures  applied  to  units  of  privately-owned 
lands  are  primarily  at  the  expense  of  the  private 
sector  with  technical  assistance  through  agencies  of 
the  United  States  Department  of  Agriculture. 

On  behalf  of  the  Department  of  Agriculture, 
the  Soil  Conservation  Service  provides  under  Public 
Law  566  and  other  authorities  coordinated  assistance 
to  local  groups  for  flood  prevention,  land  treatment, 
and  the  conservation,  development,  utilization,  and 
disposal  of  water  in  watershed  areas  and  in  developing 
potentials  for  related  purposes.  The  Forest  Service 
administers  large  areas  of  federally-owned  land  in 
national  forests,  and  cooperates  with  the  State  and 
private  sector  in  cooperative  management  programs. 


including  protection,  research,  and  development. 
Some  of  the  major  accomplishments  of  present 
programs  of  these  agencies,  and  programs  proposed 
for  future  time  frames,  are  given  in  Tables  2-18  and 
2-19. 

The  present  level  of  agricultural  development  in 
much  of  the  Area  is  limited  by  lack  of  effective 
community-type  structural  measures  for  flood  pre- 
vention and  agricultural  water  management.  Reduc- 
tion of  damages  from  floodwater  and  sediment  is 
generally  the  first  increment  of  development  for 
croplands  and  other  lands  having  a flood  hazard, 
followed  by  community  facilities  for  agricultural 
water  management  for  improvement  of  production 
efficiency . Measures  of  a community  nature  or  having 
widespread  benefits  may  qualify  as  local  projects  that 
can  be  constructed  with  technical  assistance  and 
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TABLE  2-18.  Partial  listing  of  maasuros  for  watershed  protection  and  management  on  cropland  (programs  of 
Soil  Conservation  Service.  USDA) 


Treatment  Measures 

Unit 

Early  Action  Program 
Appl.  Cum. 

Through 

1966 2 ’ 1980 

Proposed  for  Installation 
2000  2020 

Total 

Erosion  Control  Measures 

Conservation  cropping  system 
Pasture  and  hayland  planting1 
Cover  crop1 

acre 

210,600 

58,000 

116,700 

115,700 

500,000 

acre 

10.000 

5.000 

10,000 

10,000 

35,000 

acre 

24.000 

28,800 

57,500 

57.500 

167,800 

F lood  Prevention  Measures 

Dike  and  levee 

feet 

1,443,790 

154,810 

309,500 

309,500 

2,217,600 

Clearing  and  snagging 

feet 

211,500 

380,460 

760.020 

760,020 

2,112,000 

Streambank  protection 

feet 

892,500 

143,580 

287,160 

287,160 

1,610,400 

Stream  channel  improvement 

feet 

459,580 

76,960 

153,930 

153.930 

844,400 

Stream  channel  stabilization 

feet 

25,350 

17.110 

34.210 

34,210 

110,880 

Drainage  Measures 

Drainage  main  or  lateral 

feet 

7,042,420 

1,391,520 

2,783,030 

2,783,030 

14,000,000 

Drainage  field  ditch 

feet 

81,470 

2,152,710 

4,306,410 

4,305,410 

10.845,000 

Tile  drain 

feet 

5.790,860 

11,133,240 

22,266,450 

22,266,450 

61,457,000 

Irrigation  Measures 

Irrigation  system,  sprinkler 

number 

2,210 

870 

1,760 

1,760 

6,600 

Pipeline 

feet 

288,500 

191,780 

383,560 

383,560 

1,247,400 

Irrigation  water  management 

acre 

91,700 

46,300 

42,500 

42.500 

223,000 

Irrignion  pit  or  regulating  reservoir 

number 

320 

210 

420 

420 

1,370 

Recreation  Measures 

Recreation  access  road 

feet 

1,105,350 

444,210 

888,420 

888,420 

3,326,400 

Wildlife  habitat  management 

acre 

107,180 

192,940 

385,850 

385,850 

1,071,820 

Farm  pond 

number 

1,010 

390 

800 

800 

3,000 

1 Conservation  measure*  applied  annually 


2 This  includes  accomplishments  that  are  pert  of  SCS  Records  System. 


grants-in-aid  from  the  Department  of  Agriculture  in 
amounts  depending  on  the  nature  and  distribution  of 
benefits.  Loans  are  also  available  for  the  local  share  of 
such  projects  from  Departmental  funds  when 
required. 

The  early  action  program  contains  projects  for 
installation  before  1980  in  recognition  of  a rapidly 
increasing  population  creating  needs  in  the  Area 
approaching  an  emergency  situation.  Planning  at  the 
project  level  involves  concerned  agencies  of  the 
Federal  Government  and  the  State  of  Washington. 

Appendix  XII,  Flood  Control,  recommends  28 


) 


projects  requiring  early  action  to  reduce  damages 
from  stream  overflow  on  the  main  stems  of  rivers  in 
the  Puget  Sound  Area.  Appendix  XIV  recommends 
25  projects  in  an  early  action  program,  primarily  for 
flood  prevention  and  drainage,  to  be  coordinated 
with  flood  control  works  to  achieve  the  full  benefits 
made  possible  by  works  of  improvement. 

The  early  action  programs  recommended  for 
installation  within  the  next  10  to  15  years  include 
projects  for  construction  of  structural  measures  and 
plans  for  installing  land  treatment  measures  in  areas 
of  immediate  need. 
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TABLE  2-19.  Partial  listing  of  measures  for  watershed  protection  and  management  on  national  forests 
(programs  of  Forest  Service,  USD  A) 


T reatment  Measures 

Unit 

Early  Action  Program 
1965-1980  Percent1 

ProDOsed  for  Installation 
1980-2000  2000-2020 

Managerial 

Surveys 

acre 

8,875,970 

95 

5,048,170 

0 

Plans  for  watersheds 

number 

87 

100 

41 

0 

Research,  studies2 

dollar 

461,600 

30 

559,400 

559,400 

State  and  private  programs2 

dollar 

2,317,700 

95 

3,090,200 

3.090,200 

Protection 

F ire  control 

acre 

3,095,080 

50 

3.095,060 

3,095,080 

1 nsect  and  disease  control2'3 

dollar 

32,500 

95 

43,500 

43,500 

Road  development 

Permanent 

mile 

2,429 

75 

3,270 

2,460 

Temporary 

mile 

9,432 

60 

16,810 

20,705 

Land  use  development 

Logging0 

acre 

402,280 

95 

717,300 

883,080 

Grazing 

acre 

11,720 

75 

32.020 

64.600 

Recreation2 

dollar 

4,885,000 

30 

6,513.500 

6,513.500 

Restoration 

Reforestation 

acre 

199,530 

95 

272,300 

272,300 

Gully  stabilization 

mile 

17.5 

5 

25 

25 

Erosion  control 

acre 

5,310 

5 

5,910 

5.910 

Channel  clearance 

mile 

83.7 

10 

150.3 

150.3 

Bank  stabilization 

mile 

143.4 

5 

156.5 

156.5 

Road  and  trail  rehabilitation 

acre 

160.2 

5 

206 

206 

Roadside  stabilization 

acre 

756 

5 

955 

955 

Water  Yield  Improvement4 

Cover-type  conversion 

acre 

0 

0 

40,750 

40.450 

Snow  pack  management  facilities 

mile 

0 

0 

810 

798 

Sediment  basin  construction 

acre 

420 

0 

1,975 

1,885 

Flow  regulation  structures 

each 

40 

0 

45 

43 

Water  storage  structures 

■rach 

63 

0 

276 

278 

Wetland  drainage  structures 

each 

2 

0 

8 

0 

1 Approximate  percentage  of  needs  mat  by  current  funding  levels. 


2 Based  on  allocation  of  total  Regional  program. 

3 Costs  include  detection  only. 

4 Measures  based  on  local  determination  of  future  offsite  needs  for  water.  These  should  be  viewed  as  potential  developments 
rather  than  specifically  planned  protects. 

5 Area  includes  thinnings  and  release  cuttings  as  wall  as  harvest  cuts. 


These  early  action  projects  are  summarized  for 
the  Area  in  Table  2-20  and  are  described  in  additional 
detail  under  appropriate  basin  headings. 

Project  installation  costs  are  estimated 
primarily  on  the  basis  of  proposed  structural 
measures  for  floodwater  damage  prevention  and 
drainage  believed  needed  to  permit  full  cropland 
development  and  other  development  under  optimum 


watershed  management.  Potential  exists  for  including 
other  purposes  in  such  projects. 

The  minimum  level  of  protection  against  flood 
damage  considered  necessary  for  agricultural  and 
other  open  use  lands  in  the  Puget  Sound  Area  was 
taken,  in  formulating  these  projects,  as  the  10-year 
recurrence  frequency  flood  event.  Protection  at  this 
level  implies  the  need  to  regulate  the  use  of  hazardous 
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TABLE  2-20.  Early  action  projects  of  USOA  recommended  for  installation  by  1980 


Ma,. 

No 

f*M»n  A 
Watershed 

Protect 

Area 

Channel 

Improvement 

Modification 
of  E ■ ISling 
PfOleclive 
Works 

Outlet 
A Water 
Control 
Structures 

Water 
Storage 
Facilities  A 
Debris 
Basins 

f loortvvaler 
Protection 

Average 

F lood 

Damage1 

Drainage 

Total 
A '>•  ua< 

r lood 
Protection 

A Drainage 
Renet, ts 

Average 
Annual 
f loodwalei 

A D'amage 

Co»i^ 

Project 

Structural 

Measures 

Cost3 

He'ief  >f 

Coat 

Hat-o 

t arras) 

1 mi ) 

Imi  | 

Ino ) 

lac  h ) 

1 acres) 

(dollar  si 

(acred 

(dollar  si 

1 doi'ar  si 

(dollar  «l 

NOOKSACK  SUM  AS  HASINS 

10  4 

Muffle  Tubs  Nook  sack4 

6 7S0 

6 7 

bO 

1 

3.199 

67  590 

4 58? 

131  730 

55  048 

988.000 

74  1 

toe 

f -stiff ap  Bertrand  Creek 

23  914 

37  0 

60 

2 

13.169 

776  370 

13  60B 

435615 

103  654 

1 864  000 

4 7 1 

10  7 

Wiser  Lab*'  Area 

.18  30b 

290 

10  1 

4 

14  791 

314  540 

18  83? 

566.189 

137  399 

2 448  000 

4 1 1 

108 

Lowei  Noofcsark  TriJw 

19  83b 

18  9 

9 3 

b 

10  499 

721  830 

12  559 

377.821 

134  776 

7 370  000 

?H  1 

11  3 

Sumas  Hwer 

33  079 

72  0 

10* 

14  509 

304  800 

14  69? 

461  5 76 

68  137 

1 741  000 

68  1 

Ol 

Dakota  Creak 

20  314 

18  0 

593 

11  700 

3 1 18 

6 7 997 

23  781 

430  000 

79  1 

04 

Csl'lnrms  Creek 

14  192 

13  8 

1.500 

1.397 

29.340 

3500 

87  761 

25  603 

471  000 

34  1 

Ob 

Silver  Creek 

10  866 

16  0 

bO 

1 

2.736 

57  820 

4 999 

141.066 

66  30? 

1 17  | 000 

7 1 1 

Total 

167  7SS 

161  4 

3b  4 

13 

1.510 

60  883 

1.783  940 

75  790 

2.769  250 

614  200 

10  97  | noo 

3 7 1 

SKAGIT  SAMlSM  BASINS 

98 

Gages  Slough 

14  419 

17  0 

1 

9 570 

187  630 

708/ 

743.619 

60.919 

1 107  000 

4 0 1 

9 10 

South  Ml  Ve*n O" 

32  13? 

21  5 

4 

9619 

207.200 

10  501 

372  408 

80  630 

1 434  000 

4 0 1 

0 14 

Sarh'sh  Hive*4 

63  716 

6b  0 

b 

73.859 

509  640 

24  078 

754  6 78 

271  71? 

4 86?  000 

2 8 1 

0 1b 

Skag-i  Hail 

41  148 

43  0 

bO 

6 

31.788 

655  630 

28  40? 

971.778 

180  790 

2 14  000 

5 1 1 

Total 

1S1  41b 

146  b 

50 

1b 

74  786 

1.665  100 

70  018 

7 241  833 

593  661 

10  63  / 000 

38  1 

STll  l AGUAMlSH  BASIN 

021 

lovvei  Slillaguamish4 

8 S?? 

170 

1 0 

3 

5 547 

114  970 

5 427 

171.737 

54.77? 

980  OOO 

37  1 

077 

Chuirk  C'eek 

8 060 

8 4 

1 0 

3 

2.73? 

65.810 

4 424 

116.11? 

37  326 

666  000 

3 1 1 

Total 

16.S82 

»4 

20 

6 

8 279 

170.780 

9 846 

28  7 849 

91  697 

1 84*  000 

3 1 1 

SNOHOMISH  BASIN 

84  1 

Pane  non  Creek4 

12  4b  1 

80 

667 

14.310 

1 426 

37.978 

71.787 

397.000 

1 5 1 

8 4 

Snohomish  1 Unary  4 

?b  7b9 

lbO 

11  0 

3 

12.371 

744  100 

10.27? 

363.78  7 

120  753 

7 111  000 

30  1 

Total 

38  210 

23  0 

11  0 

3 

17.988 

258.410 

11  648 

396  765 

147  036 

2 503.000 

28  1 

CE UAH  BASIN 

071 

Swamp  H-ar  North  Cf* 

44  79b 

24  0 

2 

5.963 

113.520 

3826 

134.634 

63.501 

1 165  000 

2 1 1 

0 30 

1 van*  Creek4 

28  BOO 

16  0 

2 

3,348 

64  510 

3«?0 

107  779 

55  .399 

1 016  000 

1 9 1 

Total 

73  b9b 

400 

4 

9.311 

178  030 

7 446 

741  863 

118  900 

7 180  000 

20  1 

PUVAlLUP  BASIN 

1 1 

»40»»*U4 

6 4b  7 

120 

1 688 

33.540 

1 444 

53  756 

3?  934 

594  000 

1 6 1 

1 J 

Clear  Creek4 

HOBO 

21  0 

2 364 

38.370 

6 687 

135  30? 

104  621 

1.901  000 

1 3 1 

0 * 

H,  ie«os  Creek 

16  000 

70 

1 

2.376 

43  460 

1 258 

50  005 

34  778 

642  000 

1 5 1 

0 J9 

Aa  a»n  L>evk 

6 407 

70 

1 

3.743 

58  990 

1.699 

68  676 

53.908 

979  000 

1 3 1 

040 

C '(hr*  Gw»4 

«•  mj 

14  0 

4.990 

86  400 

805 

74  370 

45  471 

856  OOO 

1 f 1 

Tomi 

125  0* 

61  0 

? 

14  661 

260  710 

11  793 

381.958 

271  167 

4 972  000 

1 4 1 

MS'  SOUND  BASINS 

0b4 

f o'ihhovo-jot  craaa 

• SOI 

SO 

11  200 

3 388 

54,760 

261 

48.379® 

4 T 888 

779  000 

1 7 » 

0»3 

t r ~ C*e*a 

7J  12* 

16  0 

8 

15* 

3.37b 

69  440 

7 717 

101  696 

17  327 

.300  000 

59  1 

Totat 

•0  87  7 

21  0 

B 

11  ?15 

6 763 

174  700 

7978 

149.926 

59.715 

1 079  000 

75  1 

G*  AND  TOTAL 

•32  400 

478  1 

53  4 

61 

12  776 

187671 

3 831  170 

189519 

6969  443 

1.890  660 

33  989  000 

3.2  1 

1 F lood  dmugn  baaed  on  historical  averages.  Base.  1967  prices. 


3 Amortized  at  4-6/8  percent  for  100-years;  operation  and  maintenance  at  adjusted  normalized  price.  Allocation  of  costs  and 
benefits  to  other  possible  purposes  not  fully  evaluated. 

3 Base:  1967  prices;  operation  and  maintenance  at  adjusted  normalized  prices. 

4 Part  of  the  watershed. 

® Debris  basin 

6 Contains  $8,000  average  annual  benefit  to  industrial  areas. 


lands  and  (o  apply  applicable  conservation  treatment 
measures.  Proposals  for  higher  levels  of  use,  develop- 
ment, or  protection  are  not  included. 

Acceleration  of  measures  for  rehabilitation, 
protection,  and  development  of  lands  benefited  by 
projects  will  be  accomplished  to  take  advantage  of 
opportunities  for  improvement  made  possible  by  the 
projects  and  to  add  to  the  efficiency  and  security  of 
project  accomplishments. 


In  order  that  project  planning  and  timely 
installation  of  interrelated  features  of  these  projects 
may  proceed  with  maximum  benefits,  the  Secretary 
of  Agriculture  may  elect  to  request  immediate  Area- 
wide planning  authorization  by  Congress  of  the 
watershed  projects  contained  in  the  early  action 
program  of  the  Department  of  Agriculture  (Table 
2-20). 
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PHOTO  2-21.  Marshland  pumping  piant  for  flood 
prevention  and  drainage  nearing  completion  at 
Snohomish.  Installation  assistance  was  given  by  the 
State  of  Washington  and  the  United  States  Depart- 
ment of  Agriculture.  (SCS) 

The  costs  and  benefits  of  the  25  early  action 
projects  are  given  in  Table  2-20,  and  the  types  of 
improvements  to  be  installed  are  summarized.  The 
area  included  in  these  projects  totals  632,900  acres. 


Department  of  Agriculture  projects  to  be 
installed  during  later  time  periods  are  summarized  by 
the  number  of  projects  in  each  basin,  with  estimated 
installation  costs,  in  Tables  2-21  and  2-22. 

Watershed  management  program  costs  in  the 
Puget  Sound  Area  for  the  Department  of  Agriculture 
agencies  are  expected  to  approximate  $153,51 1,000 
during  the  early  action  period:  $267,923,000  during 
the  period  1980-2000;  and  $209,654,000  during  the 
period  2000-2020,  as  shown  under  “Federal  Costs”  in 
Tables  2-15,  2-16,  and  2-17.  The  total  of 
$631,088,000  by  the  year  2020  represents  on-going 
programs  of  these  agencies,  together  with  acceleration 
needed  to  accomplish  the  work. 

In  addition,  the  Department  is  expected  to 
participate  in  cooperative  soil  surveys  and  cooperative 
sediment  studies  costing  an  additional  estimated 
$5,225,000  prior  to  1980.  An  additional  share  of  the 
cost  of  continuing  portions  of  these  studies  will 
extend  beyond  1980.  The  totals  do  not  include  the 
cost  of  Federal-State  cooperative  research  grants  and 
similar  expenses;  nor  costs  of  agencies  having  less 
than  a major  interest  in  watershed  management. 


TABLE  2-21.  Projects,  by  basin,  recommended  for 
installation  in  the  1980-2000  period 


Basin 

Number  of 
Protects 

Structural 

Measures 

Total 

Installation 

Cost 

(dollars) 

Nooksack-Sumas 

7 

6,950,000 

Skagit-Samish 

3 

1,860,000 

Stillagu  smith 

3 

6,620,000 

Whidbey-Camano 

4 

3,246,000 

Snohomish 

7 

12,240,000 

Cedar 

3 

3,810,000 

Green 

1 

1,700,000 

Puyallup 

4 

4,167.000 

Nisqually 

4 

2,930,000 

Deschutes 

3 

1,410.000 

West  Sound 

12 

8,066,000 

Elwha-Dungeness 

6 

2,962.000 

San  Juan 

3 

2,736.000 

Total 

69 

56,676,000 

TABLE  2-22.  Projects,  by  basin,  recommended  for 
installation  in  the  2000-2020  period 


Batin 

Number  of 
Protects 

Structural 

Measures 

Total 

Installation 

Cost 

(dollars) 

Nooksack-Sumas 

6 

936,000 

Skagit-Samish 

6 

1.460.000 

Stillaguamtth 

3 

1,310,000 

Whidbey-Camano 

0 

0 

Snohomish 

1 

100.000 

Cedar 

1 

100,000 

Green 

1 

100,000 

Puyallup 

0 

0 

Nisqually 

1 

100,000 

Deschutes 

0 

0 

West  Sound 

7 

970,000 

ElwheOungenets 

2 

300,000 

San  Juan 

0 

0 

Total 

26 

6,376,000 
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IMPACT  OF  PLAN 


The  objectives  of  Appendix  XIV,  Watershed 
Management,  are  to  put  before  the  public  a plan  for 
the  development  and  management  of  the  land  and 
water  resources  of  the  Puget  Sound  Study  Area.  The 
plan  is  to  manage,  by  regulation  and  development, 
the  land  and  water  resources  under  conditions  of 
sustained  use  to  best  satisfy  the  needs  and  wants  of 
an  expected  population  of  6.8  million  in  the  Area  by 
the  year  2020. 

A planned  density  of  urban  development  of  not 
less  than  six  persons  per  acre  will  reduce  development 
and  maintenance  costs  for  the  usual  public  services 
supplied  within  such  areas,  including  streets,  water 
supply,  sewer  lines,  drainage,  etc.  Savings  are  conser- 
vatively estimated  to  be  $5  billion  in  development 
costs  and  S50  million  annually  in  operation  and 
maintenance  over  the  needs  of  unplanned  urban 
development  resulting  from  projecting  present  trends 
of  such  development  through  the  study  period. 
Expected  thifts  in  land  use  as  a result  of  the  impact 
of  the  plan  are  shown  in  Table  2-23. 

Orderly  development  of  the  Area  will  preserve 
many  natural  and  aesthetic  values  and  reduce 
damages  caused  by  floods  and  sediment.  The  produc- 
tive capacity  of  the  good  cropland  can  be  greatly 


increased,  thus  preserving  this  industry  and  many  of 
its  environmental  values,  despite  loss  of  less  valuable 
agricultural  lands  to  other  purposes.  Improved 
management  of  forest  areas  and  elimination  of  waste 
can  increase  production  of  forest  products  by  SO 
percent  by  the  year  2020  on  the  land  remaining  in 
forest.  By  judicious  choice  of  land  use,  these  produc- 
tive values  of  cropland  and  forest  can  be  attained 
without  seriously  involving  the  spatial  needs  of  the 
projected  population.  Many  environmental  qualities 
can  be  retained  and  enhanced  by  protection  and 
development  of  watershed  lands. 

Much  benefit  can  be  obtained  by  regulation  of 
development  as  needed  by  the  public  interest.  Other 
benefits  are  derived  through  installation  of  improve- 
ments by  the  private  sector,  or  sponsored  by  the 
private  sector,  in  installation  of  early  action  programs 
set  forth  in  this  Appendix.  Investments  required  for 
the  installation  of  these  early  action  programs  are 
justified  by  favorable  ratios  of  benefits  to  costs 
without  evaluation  of  many  intangible  and  secondary 
benefits  that  will  accrue. 

The  Drainage  and  Land  Stabilization  Technical 
Committee  recommends  implementation  of  this  plan 
for  overall  watershed  management. 


TABLE  2-23.  Shifts  in  land  un.  Pugat  Sound  Area  (thousands  of  acres)  L2 


Basin 

I960 

2000 

2020 

Crop-  Range 
land  Land 

Forest 

Land 

Built- 

up 

Crop-  Range 
land  Land 

Forest 

Land 

Built-  Crop-  Range 
up  land  Land 

Forest 

Land 

Built- 

up 

Nooksack-Sumas 

137.6 

11.6 

609.6 

33.6  137.5 

11.6 

609.6 

33.6 

139.0 

11.6 

608.1 

33.6 

Skagit-Samish 

101.0 

19.7 

1,752.9 

38.9  105.0 

19.7 

1,748.9 

38.9  116.0 

19.7 

1,738.9 

38.9 

Stillaguamiah 

34.5 

1.0 

385.5 

12.6 

34.6 

1.0 

386.5 

12.6 

36.0 

1.0 

384.6 

13.0 

Whidbey-Camano 

22.5 

2.5 

84.1 

23.4 

21.8 

2.6 

84.1 

23.4 

20.0 

2.5 

84.1 

23.4 

Snohomish 

66.0 

2.4 

1,064.7 

66.7 

64.0 

2.4 

1,047.2 

81.0 

60.0 

2.4 

1,002.1 

130.1 

Cedar 

14.0 

1.1 

162.6 

196.0 

12.0 

1.1 

114.6 

236.2 

7.5 

1.1 

51.8 

303.5 

Green 

26.0 

2.2 

236.0 

68.9 

22.6 

2.2 

234.6 

81.1 

17.6 

2.2 

190.3 

130.2 

Puyallup 

33.4 

5.7 

593.3 

123.2 

31.7 

6.7 

693.3 

123.6 

30.0 

6.7 

524.9 

198.6 

Niequally 

19.9 

34.0 

379.7 

11.8 

14.6 

34.0 

379.7 

11.8 

9.6 

34.0 

379.7 

11.8 

Deschutes 

11.8 

9.6 

127.1 

28.0 

8.1 

9.6 

127.1 

28.0 

6.4 

9.6 

127.1 

28.0 

Watt  Sound 

43.1 

6.1 

1,123.7 

106.4 

41.6 

6.1 

1.123.7 

106.4 

40.0 

5.1 

1,123.7 

106.4 

Elwha-Oungeness 

23.9 

2.4 

408.4 

11.0 

23.9 

2.4 

408.3 

11.0 

24.0 

2.4 

409.2 

11.0 

San  Juan 

20.0 

9.1 

70.6 

11.9 

21.0 

9.1 

89.6 

11.9 

22.0 

9.1 

68.6 

11.9 

Total  Area 

662.6 

106.3 

6,979.4 

731.4  638.1 

106.3 

6,927.1 

799.6  626.0 

106.3 

6,693.1 

1,040.3 

1 Does  not  include  1,666,600  acres  of  salt  water.  162,400  acres  of  fresh  water,  and  34,700  acres  of  unclassified  land  in  1960; 
33,600  acres  of  unclassified  land  in  2000;  and  36,700  acres  of  unclassified  land  in  2U20. 


3 Unadjusted  measurements  for  Puget  Sound  Area  Study. 
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NOOKSACK-SUMAS  BASINS 


The  Nooksack-Sumas  Basins  occupy  most  of  system  in  British  Columbia.  Coastal  streams,  such  as 
the  western  portion  of  Whatcom  County.  The  Nook-  California,  Dakota,  and  Terrell  Creeks,  drain  an  area 
sack  is  the  largest  river  and  drains  an  area  of  760  of  2S9  square  miles  into  the  Strait  of  Georgia.  Total 

square  miles.  The  Sumas  River  drains  52  square  miles  drainage  area  of  the  Nooksack-Sumas  Basins  is 

into  The  Fraser  River,  and  the  Upper  Chilliwack  approximately  1 ,257  square  miles. 

River  drains  186  square  miles  into  the  Fraser  River 


PRESENT  STATUS 


Population  of  the  Basins  in  1963  was  74,600. 
Projections  show  that  the  population  in  1980  will  be 
91,600;  in  2000,  123,500;  and  in  2020,  168,700. 
Density  per  acre  figured  on  urban  built-up  and  rural 
non-farm  lands  is  2.22  people  per  acre  at  present 
time. 

Farming  and  forestry  are  the  main  users  of  land 
in  the  Basins.  Forage  production  in  support  of  a 
livestock  industry  is  the  largest  type  of  farming. 
There  are  large  amounts  of  strawberries  and  rasp- 
berries produced,  and  a limited  acreage  of  potatoes 
usually  used  for  seed.  These  crops,  together  with 
small  acreages  of  canning  peas  and  corn,  create  a 
diversity  of  farming  enterprises.  Total  value  of  farm 
production  is  over  $25  million  annually.  Forestry 
continues  to  be  a major  segment  of  agriculture,  as 
609,000  acres  are  presently  in  forest  and  associated 
open  areas. 

Farming,  forestry,  and  fishing  have  long  been 
the  leading  industries  in  the  Basins.  Recently,  how- 
ever, other  industries  have  moved  in.  An  aluminum 
reduction  plant  and  an  oil  refinery  are  among  the 
newest  industries  to  be  established.  These,  together 
with  food  processing  plants,  a pulp  mill,  and  a cement 
plant  make  up  the  industrial  complex  of  the  Nook- 
sack-Sumas Basins. 

Salmon  produced  from  the  Nooksack  River 
contribute  significantly  to  the  commercial  and  sport 
fisheries  within  Puget  Sound,  Strait  of  Juan  de  Fuca, 
and  coastal  ocean  waters.  The  major  fishing  port  at 
Bellingham  provides  a significant  portion  of  the 
economy  of  the  Basins.  An  important  segment  of  the 
shellfish  production  occurs  within  these  waters. 

A wildlife  refuge  is  maintained  at  Lake  Terrell 
and  a State  game  refuge  at  Wiser  Lake  for  migratory 


waterfowl  and  other  birds.  Upland  game  in  moderate 
amounts  are  found  in  the  lowlands  but  are  declining 
in  numbers  due  to  the  shift  from  grain  to  grass  on 
farmlands.  Furbearing  animals  are  found  along 
streams  and  near  swampy  areas.  Big  game  in  consider- 
able numbers  are  found  in  the  forested  mountain 
areas. 

The  Area  with  its  miles  of  salt  water  shoreline 
in  the  west,  mountainous  area  in  the  central  and 
eastern  portions,  lakes  and  many  miles  of  rivers  and 
streams  is  well  suited  to  provide  a wealth  of  varied 
recreation  opportunities.  For  example,  the  Heather 
Meadows  area  near  Mount  Baker  is  an  outstanding 
scenic  attraction  and  winter  sports  area. 

The  climate  of  the  Basins  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  flood  flows  and  conversely 
midsummer  drouth  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  saniution  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  III,  Hydrology. 

Some  unfavorable  conditions  of  stream  and 
river  channels  in  the  Basins  are  partly  the  result  of 
nearly  a century  of  exploitation  by  man  with  only 
the  last  few  years  devoted  to  efforts  to  protect  and 
rehabilitate  the  environment.  Streambank  erosion  is 
severe  in  areas  where  sediment  and  debris  reduce 
channel  capacity. 

On  Swift  Creek,  a tributary  of  the  Sumas  River, 
a large  active  slide  is  contributing  quantities  of 
sediment  to  the  stream.  Smaller  slides  exist  on  the 
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North  Fork  of  the  Nooksack  and  on  other  tributary 
streams.  Debris  dams  from  previous  logging  opera- 
tions are  present  on  many  tributaries  and  are  a hazard 
when  high  flows  occur. 

A project  on  Saar  Creek  has  been  completed  in 
these  Basins  (Figure  3-1 , Watershed  Area  1 1-2).  This 
project  is  basically  for  floodwater  reduction  and 
drainage  control. 


PRESENT  LAND  USE 

The  bench  terrace  and  bottom  land  areas  of  the 
Nooksack-Sumas  Basins  provide  the  largest  single 
block  of  land  suited  for  cropland  within  the  Puget 
Sound  Area.  The  equitable  marine  climate  is  con- 
ducive to  the  production  of  a wide  variety  of  crops. 
The  productive  potential  of  the  area  is  great,  but 
flood  and  drainage  conditions  make  works  of  im- 
provement necessary  before  this  region  reaches  its 
potential  (see  Figure  3-1).  The  ownership  distribution 
of  the  Basins'  lands  are  shown  on  Figure  3-2. 

The  broad  categories  of  land  use  are  given  in 
Table  3-1.  No  attempt  is  made  here  to  quantify 
multiple  use  management  of  lands  such  as  for  game 


TABLE  3-1.  Present  land  use  by  tub-basins1 


Land  Um 

Nooksack 

River 

Basin 

Freser- 

Sumas 

River 

Basins 

Puget 

Sound 

Drainages 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

76.937 

21.924 

38,631 

137,492 

Rangeland 

4,617 

1,032 

6.061 

11,600 

Forest2 

388,784 

127,266 

93,641 

609,681 

Rural  non-farm 

6,972 

920 

6,777 

12,669 

Urban  built-up 

4.364 

788 

16,744 

20,896 

Fresh  water 

6,821 

384 

6,124 

12,129 

Total 

486.196 

162.304 

166.866 

604,367 

1 UnadiuMed  measurements  1066  (or  Puget  Sound  study. 
Tabulations  by  A DP.  Pint  three  figures  are  significant  figures 
for  acreages. 


J Indudes  non- fo raised  land  normally  associated  with  forest. 


habitat,  recreation,  water  quality,  or  low  Pow  aug- 
mentation. 

SOILS 

A medium  intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  and  ational 
park  boundaries.  Lands  within  the  national  forests 
and  national  parks  were  mapped  from  reconnaissance 
type  survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  report  for  Whatcom  county  and  their  locations 
are  shown  on  maps.  The  soil  survey  report  is  available 
in  libraries  and  in  local  offices  of  the  United  States 
Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  792,000  acres  in  the 
Nooksack-Sumas  Basins  has  a medium  intensity  sur- 
vey on  516,500  acres  and  a low  intensity  survey  on 
275,500  acres.  Of  the  516,500  acres,  287,500  acres 
are  classified  in  Land  Capability  Classes  II  through 
VI,  226,000  acres  are  in  Class  VII,  and  3,000  acres 
are  Class  VIII  (See  Figure  3-3). 

Lands  in  Land  Use  Capability  Class  II  through 
VI  (287,500  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  these  Basins  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VIII  for  recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  I .Tables 
9 and  10).  Lands  having  only  reconnaissance  su. /eys 
are  roughly  grouped  into  capability  classes. 

Tables  3-2  and  3-3  which  follow  give  a tabula- 
tion of  capability  subclasses  and  specific  wetness 
conditions  for  surveyed  lands  in  these  basins. 
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TABLE  3-2.  Land  conditions  by  capability  classes  in  Nooksack-Sumas  Basins  (in  acres) 1 


Class 

Total 


Subclasses  ? 

Clan  s en  es  we  ws  se  sw 


II 

2,035 

0 

0 

0 

40,796 

0 

0 

42,831 

III 

12,447 

11,486 

255 

11.762 

80,902 

0 

0 

1 16,852 

IV 

19,876 

47,144 

18,993 

0 

7,554 

4,890 

9 

98,546 

V 

0 

0 

0 

0 

240 

0 

0 

240 

VI 

1,337 

13.805 

9,320 

0 

4,144 

366 

0 

28,972 

VII 

0 

726 

225.224 

0 

2 

0 

0 

225,952 

VIII 

248 

443 

0 

0 

2.402 

0 

0 

3.093 

TOTAL 

35,943 

73.604 

253.792 

11,762 

136.040 

5,336 

9 

516.486 

1 Unadjusted  measurements.  1966.  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps.  Read  only 
three  significant  figures.  Does  not  include  land  within  national  forests  and  national  parks. 


Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  usa  and  treatment:  e-erosion;  w— wetness;  s—  toil. 


TABLE  3-3.  Land  with  wetness  condition  by  capa- 
bility classes,  Nooksack-Sumas  Basins  (in  acres) 1 


Land 

Capability 

Classes 

All  land  in  basins2 

Cropland  in  basins 

Total  • 
All 
Land 

With 

Wetness 

Condition 

Total 

Cropland 

(set) 

Cropland 

With 

Wetness 

Condition 

(est) 

II 

42,831 

40,796 

40,689 

38,766 

III 

116,852 

104,150 

86,969 

66.428 

IV 

96.646 

64,707 

9,844 

5,466 

Subtotal 

258,229 

199,663 

137,492 

110.649 

V 

240 

240 

0 

0 

VI 

28,972 

17,949 

0 

0 

VII 

226,952 

728 

0 

0 

VIII 

3,093 

2.846 

0 

0 

Subtotal 

258,267 

21,762 

0 

0 

TOTAL 

516,486 

221,416 

137,492 

110.649 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study  based  on  National  Cooperative  Soil  Survey  maps.  Read 
only  three  significant  figures. 


2 Does  not  include  land  in  national  forests  and  national 
parks. 
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PRESENT  AND  FUTURE  NEEDS 


I 


EVALUATION  OF  PRESENT  SITUATION 

In  the  Nooksack-Sumas  Basins,  three  broad 
categories  of  needs  protection  from  floodwater  dam- 
age, measures  for  watershed  protection  and  rehabilita- 
tion. and  measures  for  water  managment-are  present 
in  varying  degrees  of  intensity  according  to  land  use. 
About  137,492  acres  are  devoted  to  cropland  use  at 
the  present  time;  609,581  acres  are  in  forest  (includ- 
ing some  areas  of  non-forested  land);  1 1 ,600  acres 
rangeland;  and  33,565  acres  are  in  more  intensive 
uses.  According  to  Appendix  VII,  Irrigation,  38,400 
acres  were  under  irrigation  in  1966. 

ESTIMATEO  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  and  water  management,  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Table  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  and  other  land 
and  water  needs,  makes  it  necessary  to  initiate  an 
early  action  program  of  development  to  avoid  costly 
misuse  of  the  land  resource.  An  obvious  need  in  these 
Basins  is  for  improved  floodwater  damage  reduction 
on  the  Lower  Nooksack  flood  plain  as  described  in 
Appendix  XII,  Flood  Control,  and  for  flood  preven- 
tion and  drainage  facilities  to  be  installed  on  eight 
watersheds  considered  to  be  in  need  of  improvements 
to  accommodate  orderly  development  of  the  basins. 
Details  of  these  early  action  projects  are  found  in  the 
Means  to  Satisfy  Needs  section. 

Projections  indicate  the  Nooksack-Sumas  Basin 
will  remain,  for  the  most  part,  agricultural  with  some 
industrial  development  taking  place  in  the  western 


part  of  the  Basins.  The  estimated  number  of  acres, 
according  to  land  use,  that  will  require  protective  and 
development  measures  by  the  years  1980,  2000,  and 
2020  arc  tabulated  in  Table  3-4.  The  same  land  area 
may  require  more  than  one  of  these  practices. 


TABLE  3-4.  Future  needs  for  watershed  manage- 
ment1 


Year 

Floodwater 

Damage2 

Reduction3 

Watershed 
Protection  & 
Rehab.3 

Drainage  Irrigation 
Improve-  Develop-3 
ment3  ment* 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

97,539 

149,100® 

55  ,378 

60.000 

2000 

97.539 

149.100® 

92,297 

80,000 

2020  97,539 

Intensive  Land  Use 

150,600® 

1 23.062® 

115.000 

1980 

15,520 

33,565 

33,566 

0 

2000 

15.520 

33,565 

33,565 

0 

2020  15,520 

Forested  Land7 

33.565 

33,565 

0 

1980 

0 

609,573 

0 

0 

2000 

0 

609,573 

0 

0 

2020 

0 

608,073 

0 

54,500® 

1 Acreages  derived  by  map  measurements  and  ADP  tabu- 
lation for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  f igues. 

2 Includes  overbank  flooding  of  main  streams. 

3 Needed  for  full  agricultural  development  (see  Appendix  V, 
Water  Related  Land  Resources,  chapter  2,  Agricultural. 

4 According  to  Appendix  VII,  Irrigation,  there  were  38,400 
acres  (using  73,344  acres  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  projections  show  58,400  acres  irrigated 
by  1980;  78,400  acres  by  2000;  and  78,400  acres  by  2020. 

5 Includes  1 1,600  acres  of  rangeland. 

® Does  not  agree  with  table  3 due  to  land  use  changes  during 
time  lapse. 

7 Includes  non-forested  land  commonly  associated  with 
forested  areas. 

8 Potential  irrigation  of  forests  (see  Appendix  V,  chapter  3, 
Forestry). 

Table  3-5  shows  drainage  groups  in  the  water- 
sheds of  the  Nooksack-Sumas  Basins,  with  the  acreage 
of  land  falling  into  each  group.  From  this  and  other 
data  the  drainage  needs  for  expected  land  uses  in  the 
Basins  are  derived. 
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TABLE  3-5.  Drainage  groups  in  Nooksack-Sumas  Basins1  (in  acres)2 


L 

1 

N 

E 

Mat****** i 
Area 

NO3 

Anar  Ba*»n* 
And 

WMsnNdi 

01 

07 

03 

04 

06 

06 

07 

08 

09 

10 

11 

17 

13 

14 

15 

16 

Total 

1 

lOI 

Noo* sack  RwarBaa" 
N tort  NOOk tack  R 

741 

0 

77 

0 

0 

390 

0 

0 

1.711 

0 

986 

175 

0 

0 

0 

2.165 

5 645 

2 

107 

m-ksn  Sock 

277 

0 

69 

0 

0 

151 

0 

0 

45 

0 

320 

75 

0 

0 

0 

474 

1.311 

3 

103 

S fork 

5441 

0 

434 

0 

0 

381 

0 

0 

436 

16 

1 488 

3? 

0 

32 

0 

7.678 

11  138 

4 

104 

Mrtlto  Into 

4013 

0 

513 

154 

0 

57 

0 

6 

8 451 

186 

591 

0 

0 

3.718 

17  196 

6 

105 

Andrraon  Creak4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

104 

Bertrand  t rtMrap  C» 

1 169 

0 

3 396 

184 

0 

377 

0 

4.794 

4.715 

0 

9 

553 

0 

517 

17.138 

» 

iNnat  Lake  T romik  A 

7413 

0 

4 901 

454 

0 

0 

0 

3366 

17.748 

180 

106 

313 

0 

1.533 

76  725 

• 

• 

low.  Trdn  Nook  R 

Tom 

5886 

0 

888 

0 

0 

188 

0 

1 766 

7.569 

717 

0 

141 

412 

-2 

0 

&U 

1 7.183 

10 

• t-1 

from  Aw#*  Basin 
uopat  Soul**  Tnto* 

30  130 
0 

0 

0 

10,738 

8 

792 

0 

0 

0 

1.494 

74 

0 

0 

9470 

0 

34.675 

69 

594 

0 

3.507 

77 

1.789 

0 

2,515 

32 

0 

11.177 

95  838 

11 

III 

Saar  Creak 

3630 

0 

197 

0 

0 

130 

0 

0 

868 

0 

765 

37 

0 

5 273 

1? 

113 

Sumai  A<w** 

9/37 

0 

1.970 

40 

0 

441 

0 

0 

3.773 

377 

377 

1.777 

458 

13 

Tom 

17.307 

0 

2.188 

40 

0 

595 

0 

0 

4.710 

2.119 

495 

0 

76? 

0 

3.036 

76  164 

14 

Ol 

kuij* i Sound  Pro  ism's 
DOoaCrtd 

170 

0 

743 

0 

0 

66 

0 

3.765 

8.181 

337 

693 

76 

467 

0 

14  904 

1% 

07 

Coom*  Craakt 

446 

0 

790 

0 

0 

151 

0 

0 

11.004 

784 

0 

768 

0 

0 

0 

15 

17467 

14 

03 

T arrett  Croak 

36 

0 

706 

0 

0 

55 

0 

0 

8 778 

147 

0 

36 

0 

8 757 

1) 

04 

Cdilarna  Crook 

407 

0 

863 

0 

0 

101 

0 

7 709 

6.107 

1.748 

0 

78 

398 

0 

77 

7 

11  895 

14 

06 

Sdwor  Croak 

87/ 

0 

701 

0 

0 

153 

0 

89 

7.86? 

84 

0 

70 

110 

0 

0 

37 

9 383 

19 

04 

SquMcum  Crook 

0 

0 

129 

0 

0 

155 

0 

0 

13,69? 

367 

707 

0 

8 

0 

0 

0 

15  053 

30 

07 

m*  IN  has  com 

180 

0 

712 

0 

0 

164 

0 

0 

7,895 

79? 

4.740 

5 

68 

0 

0 

13056 

31 

04 

Crtuckanut  Mountain 

773 

0 

104 

0 

0 

76 

0 

0 

1,935 

705 

5.711 

79 

0 

11 

0 

36 

8 370 

33 

09 

Lummi  Idand 

170 

0 

14 

0 

0 

0 

0 

0 

5,063 

73 

<• 

7,414 

0 

2.770 

0 

0 

971 

0 

5 563 

70.017 

4.079 

10.846 

491 

1.977 

79 

489 

85 

99  176 

34 

Grand  To Ut 

34  898 

0 

14.666 

837 

0 

3.010 

0 

14.983 

109.40? 

5.000 

18.467 

7.775 

4.487 

373 

489 

14.798 

771  178 

’ Descriptions  o4  rWatnaga  group*  era  found  in  tft*  Msorn  to  5#ti*»v  Needs  section  of  the  Area  report 


? Unod>ut*ad  rnseoir*m*nt>.  1986.  for  PugM  Sound  Aree Study  T abulationt  by  AC#  Read  ttira*  significant  figures 

3 See  f igure  >1  tor  location 

4 Included  m UM 


MEANS  TO  SATISFY  NEEDS 


The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Area’s  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserved  and  enhance  fish, 
wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices,  to  provide 
Projections  indicate  that  by  the  year  2020 
population  in  these  basins  will  be  168,700.  The 
means  to  be  used  to  achieve  the  development 
necessary  to  meet  the  needs  of  the  expected  popula- 
tion consist  of  programs  for  protection  and  develop- 
ment of  the  land  and  water  resources  of  the  Basins. 
The  program  includes  projects  for  structural  works 
where  needed.  The  wise  use  and  development  of  these 
resources  can  supply  the  spatial  needs  and  aesthetic 
wants  of  the  growing  population  in  the  Basins.  The 
needs  as  developed  in  other  appendices  have  been 
considered  in  this  appendix  relating  to  the  land  and 
water  resources  of  the  Nooksack-Sumas  Basins, 
for  development  of  urban  areas  not  subject  to 


floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  U« 

Table  3-1  in  Present  Status  indicates  by  sub- 
basins the  present  land  use.  Table  3-6  summarizes  by 
time  periods  the  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  hazard  remaining  does  not  materially  exceed 
other  risks  before  further  development  becomes 
practical.  Loss  is  limited  by  restricting  intensive  use 
of  land  in  hazardous  areas,  followed  by  feasible 
damage  prevention  and  enhancement  measures  for 
suitable  land  use. 
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TABLE  3-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest1 

Urban 

Built- 

up3 

Fresh 

Water 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

137.500 

11,600 

609.573 

33,565 

12,129 

804,367 

2000 

137.500 

11,600 

609,573 

33.565 

12,129 

804,367 

2020 

139.000 

11,600 

606,073 

33,565 

12,129 

804.367 

1 I ncludes  non-forested  land  normally  associated  with  forest. 

2 Rural  non-farm  is  assumed  to  be  all  urban  by  1960.  Built-up  based  on  average  urban  density  of  six  persons  per  acres. 


Kinds  and  intensity  of  management  are  fitted 
to  capability  of  land  and  to  use.  Programs  and 
projects  are  planned  to  stabilize  land  and  benefit 
most  study  functions. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  satisfaction  of 
needs  as  brought  out  in  the  Needs  discussion,  will 
utilize  the  program  and  project  approach,  as  explain- 
ed in  the  Puget  Sound  Area  lection.  The  plan  will 
guide  the  development  of  the  resources  of  the 
Nooksack-Sumas  Basins  to  provide  for  spatial  and 


production  requirements  for  the  expected  population 
of  its  service  area  to  the  year  2020.  The  Nooksack- 
Sumas  Basins  offer  many  opportunities  for  projects 
and  programs  that  could  maintain  and  increase  fish, 
wildlife,  and  recreation  areas. 

Early  Action  Projects 

Several  projects  will  be  proposed  prior  to  1980 
to  remedy  existing  floowater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 
continued  use.  Following  are  descriptions  of  projects 
in  the  early  action  plan: 


TABLE  3-7.  Costs  and  benefited  areas,  early  action  projects  recommended  for  installation  by  1980 


Watershed  Area  No. 
and  Name1 

Project 

Area 

(acres) 

Project 

Structural 

Measures 

Cost2 

(dollars) 

Flood- 

iwt0f 

Protec- 

tion 

(acres) 

Drainage 

Improve- 

ment 

(acres) 

104  Middle  Nooksack 

Tributaries3 

6,750 

966,000 

3,199 

4.582 

106  F ishtrep-Bertrend  Cr. 

23.914 

1,864,000 

13,159 

13.508 

107  Wiser  Lake 

38,305 

2,448,000 

14,791 

18,832 

106  Lower  Nooksack 

Tributaries 

19,835 

2,370,000 

10.499 

12,559 

11-3  Sumas  River 

33,079 

1,241,000 

14,509 

14,692 

Ol  Dekota  Creek 

20,314 

430.000 

593 

3.118 

04  California 

14,192 

471,000 

1,397 

3,500 

05  Silver  (Marietta)  Cr. 

10,886 

1,173,00 

2,736 

4,999 

Total 

167,256 

10,973,000 

60,883 

76,790 

1 Sea  Figure  3-1  for  location. 


2 1967  prices. 

3 Part  of  watershed. 
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Middle  Nooksack  Tributaries  Watershed  Area 
10-4,  Figure  3-1  is  located  on  both  sides  of  the 
Nooksack  River  between  Deming  and  Lynden.  It  is  a 
long,  narrow  watershed  and  consists  of  many  minor 
streams  which  contribute  to  the  Nooksack.  Flow  and 
water  management  problems  exist  principally  on  the 
flood  plain  of  the  Nooksack,  while  erosion,  pollution, 
sedimentation,  and  other  problems  exist  throughout 
the  watershed. 

The  principal  cultivated  areas  are  on  the  Nook- 
sack flood  plain  and  the  principal  crops  consist  of 
grass  pasture,  vegetables,  potatoes,  cane  fruits,  and 
strawberries. 

About  20  percent  of  the  watershed  has  a forest 
cover.  There  are  some  fringes  of  hardwood  along  the 
main  stem  of  the  Nooksack;  otherwise,  the  forest  is 
concentrated  in  the  uplands  with  young  mixed  stands 
of  Douglas-fir  and  red  alder.  Although  the  timber 
harvest  from  these  tracts  may  not  be  significant,  the 
importance  of  protecting  watershed  resources,  wild- 
life habitat,  outdoor  recreation  environment,  and 
their  aesthetic  values  must  be  considered. 

The  project  is  designed  for  flood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  area  included  in  this  watershed 
contains  6,750  acres,  of  which  there  are  5,218  acres 
of  cropland,  786  acres  of  forest,  550  acres  of  rural 
non-farm  and  urban,  and  196  acres  of  miscellaneous 
uses. 

The  works  of  improvement  will  consist  of  7 
miles  of  improved  and  stabilized  channels,  one  outlet 
structure  consisting  of  floodgates  and  pumps,  and  the 
necessary  dike  modification  and  strengthening  to 
insure  the  satisfactory  operation  of  these  facilities. 
Coordination  in  the  installation  of  the  USDA  project 
and  Corps  of  Engineers  early  action  program  will 
result  in  the  enhancement  of  benefits  from  each 
project. 

Installation  cost  is  estimated  to  be  $985,545,  of 
which  the  Federal  share  is  $741,650,  and  the  local 
share  is  $243,895.  Benefits  from  damage  reduction 
and  drainage  are  estimated  to  provide  a benefit  cost 
ratio  of  2.4  to  1 . To  achieve  benefits  made  possible 
by  the  structural  works  and  other  management  during 
a lS-year  period,  local  interests  will  install  necessary 
land  treatment  measures  for  erosion  control  and 
flood  management  costing  approximately  $371,002, 
drainage  measures  expected  to  cost  $857,155,  and 
forest  protection  and  management  practices  costing 
$15 ,396,  for  a total  of  $1 ,244,533.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 


ment measures  is  estimated  at  $2,230,098. 

Fishtrap-Bertrand  Creeks  Watershed  Area  10-6, 
Figure  3-1  is  located  partly  in  Canada  and  partly  in 
the  United  States.  Runoff  water  flows  out  of  Canada 
into  northern  Whatcom  County,  north  of  the  city  of 
Lynden.  This  water,  along  with  excess  rainfall  in  the 
American  portion,  causes  flood,  erosion,  and  drainage 
problems.  The  Canadian  area,  of  approximately 
24,000  acres,  is  being  urbanized  and  floodflows  from 
this  area  are  becoming  larger  and  more  frequent.  A 
large  part  of  the  American  section  is  in  cultivated 
crops,  mostly  pasture  and  grass. 

About  12  percent  of  the  watershed  is  forest 
cover,  most  of  which  is  in  the  Bertrand  Creek 
drainage.  Forest  land,  composed  of  mixed  Douglas-fir 
and  red  alder,  is  concentrated  along  Bertrand  Creek  in 
the  northwest  corner  of  the  watershed.  A 240-acre 
tract  has  been  set  aside  as  Berthusen  Memorial  Park. 
Other  areas  may  be  kept  in  forest  as  much  for  their 
aesthetic  values  as  for  the  economic  return  from  a 
timber  harvest. 

A project  is  proposed  for  flood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  watershed  area  is  23,914  acres,  of 
which  18,501  acres  are  cropland,  3,237  acres  are 
forest,  1 ,867  acres  rural  non-farm  and  urban,  and  309 
acres  miscellaneous  uses. 

Improvement  consists  of  land  treatment  mea- 
sures on  the  watershed  lands  and  structural  measures 
consisting  of  37  miles  of  improved  and  stabilized 
channels,  two  outlet  structures  consisting  of  flood- 
gates and  pumps,  and  the  necessary  dike  modifica- 
tions and  strengthening  to  insure  the  satisfactory 
operation  of  these  facilities. 

Installation  cost  is  estimated  to  be  $1,854,000 
of  which  the  Federal  share  is  $1,131,985,  and  the 
local  share  is  $722,015.  Benefits  from  damage  reduc- 
tion and  drainage  will  provide  a benefit-cost  ratio  of 
4.2  to  1.  To  achieve  benefits  made  possible  by  the 
structural  works  and  other  management  during  a 
15-year  period,  local  interests  will  install  necessary 
land  treatment  measures  for  erosion  control  and 
flood  management,  costing  approximately 
$1,315,418,  drainage  measures  expected  to  cost 
$2,737,436,  and  forest  protection  and  management 
practices  costing  $67,524,  for  a total  of  $4,120,378. 
The  total  cost  of  installing  the  structural  measures 
and  the  land  treatment  measures  is  $5,974,378. 

Wiser  Lake  Watershed  Area  10-7,  Figure  3-1  is 

located  between  Bellingham  and  Lynden  in  northwest 


Whatcom  County.  The  area  is  principally  agricultural. 
The  elevations  are  typical  of  low  coastal  plains,  and 
the  topography  is  gently  rolling.  About  20  percent  of 
the  watershed  is  forest  covered,  mainly  in  red  alder 
and  paper  birch  with  some  isolated  tracts  of  Douglas- 
fir.  The  tracts  are  scatttered  throughout  the  water- 
shed. There  is  no  steep  ground  so  land  stability 
problems  are  minor.  These  tracts  have  some  value  as  a 
source  of  woodcrops,  but  their  main  value  is  for 
wildlife  habitat,  recreation,  and  landscape  enjoyment. 

A project  is  proposed  for  Hood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  watershed  area  contains  38,305  acres, 
of  which  27,265  acres  are  cropland.  8,061  acres  are 
forest,  1,577  acres  rural  non-farm  and  urban,  and 
1 ,402  acres  miscellaneous  uses. 

The  Wiser  Lake  watershed  area  consists  of  four 
separate  minor  streams  which  require  structural  mea- 
sures and  land  treatment.  The  Scott  Ditch  in  the 
northernmost  portion  of  the  watershed  consists  of  9 
miles  of  improved  channel  and  one  outlet  structure 
The  outlet  structure  would  consist  of  floodgates  and 
pumps.  Wiser  Lake  improvement  consists  of  4 miles 
of  improved  channel,  an  improved  outlet  to  the 
Nooksack  River,  and  two  small  pumping  installations. 
An  unnamed  stream  in  sections  15  and  16  would  have 
2 miles  of  improved  channels  and  an  outlet  structure 
consisting  of  floodgates  and  pumps.  Tenmile  and 
Fourmile  Creeks  require  1 7 miles  of  improved  chan- 
nels and  one  reservoir  for  floodwater  storage  and 
recreation. 

Installation  cost  is  estimated  to  be  $2,448,430, 
of  which  the  Federal  share  is  $1,767,520,  and  the 
local  share  is  $680,910.  Benefits  from  damage  reduc- 
tion and  drainage  will  provide  a benefit-cost  ratio  of 
4.1  to  1.  To  achieve  benefits  made  possible  by  the 
structural  works  and  other  management  during  a 
15-year  period,  local  interests  will  install  necessary 
land  treatment  measures  for  erosion  control  and 
flood  management  costing  approximately 
$1 ,938,523,  drainage  measures  expected  to  cost 
$3,693,056,  and  forest  protection  and  management 
practice  costing  $168,153.  for  a total  of  $5,799,741 . 
The  total  cost  of  installing  the  structual  measures  and 
the  land  treatment  measures  is  $8,248,171. 

Lower  Nooksack  Tributaries  Watershed  Area 
10-8,  Figure  3-1  is  the  area  north  and  west  of  the 
Nooksack  River  in  the  vicinity  of  Ferndale  and 
tributary  to  the  Nooksack  and  the  Red  (or  Lummi) 
Rivers.  It  is  located  about  10  miles  northwest  of 
Bellingham.  The  river  flood  plain  is  a level,  fertile. 


agricultural  area  used  for  product!)  n of  cultivated 
annual  crops.  The  gently  rolling  area  above  the  flood 
plain  produces  mostly  grass  or  forest. 

About  20  percent  of  the  watershed  is  forest  of 
small  hardwood,  principally  red  alder.  Most  of  this  is 
found  on  the  Lummi  Indian  Reservation  in  the 
southern  end  of  the  watershed.  Woodlands  generally 
have  low  value  timber.  Their  future  use  may  be  more 
important  for  watershed  protection,  wildlife  habitat, 
and  landscape  values.  Most  of  the  steeply  sloping 
ground  is  in  good  hydrologic  forest  cover. 

A project  is  proposed  for  flood  prevention  on 
agricultural  and  uihan  areas  and  drainage  of  agricul- 
tural lands.  The  area  included  in  the  watershed 
contains  19,835  acres  of  land,  of  which  14.51 1 acres 
are  cropland,  3.269  acres  are  forest.  1 ,668  acres  rural 
non-farm  and  urban,  and  387  acres  miscellaneous 
uses. 

Full  benefits  from  fh>od  prevention  will  best 
result  from  the  coordinating  of  USDA's  project  in 
this  watershed  and  Corps  of  engineers  flood  control 
projects  on  the  Nooksack  River.  The  USDA  proposes 
land  treatment  measures  on  watershed  lands  and  the 
reconstruction,  realignment,  and  stabilization  of  19 
miles  of  channels,  the  construction  of  five  outlet 
structures  including  floodgates  and  pumps,  and  the 
necessary  dike  modification  and  strengthening  to 
insure  the  satisfactory  operation  of  these  facilities. 

Coordination  in  the  installation  of  these  pro- 
jects will  result  in  the  enhancement  of  benefits  from 
each  project. 

Installation  cost  is  estimated  to  be  $2,370,000, 
of  which  the  Federal  share  is  $1,786,690,  and  the 
local  share  is  $583,310.  Benefits  from  damage  reduc- 
tion and  drainage  are  estimated  to  provide  a benefit- 
cost  ratio  of  2.8  to  I . To  achieve  benefits  made 
possible  by  the  structural  works  and  other  manage- 
ment during  a 15-year  period,  local  interests  will 
install  necessary  land  treatment  measures  for  erosion 
control  and  flood  management  costing  approximately 
$1,031,738,  drainage  measures  estimated  to  cost 
$2,523,564.  and  forest  protection  and  management 
practices  costing  $68,192,  for  a total  of  $3,623,494. 
The  total  cost  of  installing  the  structural  measures 
and  the  land  'reatmenl  measures  is  $5,993,494. 

Sumas  River  Watershed  Area  11-3,  Figure  3-1  is 
located  in  the  northwest  part  of  Whatcom  County. 
This  wrtershed  drains  to  the  north  and  is  tributary  to 
the  Vedder  River,  which  in  turn  is  tributary  to  the 
Fraser  River.  During  high  floodflows  of  the  Nooksack 
some  excess  water  will  occasionally  enter  the  Sumas 
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Channel  and  How  north  to  enter  the  Fraser  River. 

About  65  percent  of  this  watershed  has  a forest 
cover.  There  are  tracts  of  small  hardwood  stands  on 
the  flood  plain.  The  principal  forest  is  on  the  upland 
areas  around  the  Sumas  Mountains,  which  form  the 
east  boundary.  The  lower  slopes  have  mostly  regener- 
ated to  mixed  stands  of  Douglas-fir  and  red  alder  on 
the  lower  slopes  and  to  Douglas-fir  and  western 
hemlock  on  the  upper  slopes.  Extra  care  must  be 
exercised  in  the  management  of  stands  on  these 
unstable  and  susceptible  soils  to  reduce  the  detritus 
anu  sediment  causing  damage  to  the  Sumas  River 
channel. 

A project  is  proposed  for  flood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  area  included  in  the  watershed 
contains  33,079  acres  of  land,  of  which  18,287  acres 
are  cropland.  12.650  acres  are  forest,  1,219  acres 
rural  non-farm  and  urban,  and  923  acres  miscellan- 
eous uses. 

The  works  of  improvement  will  consist  of 
approximately  22  miles  of  channel  improvement  and 
stabilization.  Ten  miles  will  be  on  the  Sumas  River 
and  its  tributaries.  3 miles  on  Bone  Creek,  and  9 miles 
on  Johnson  Creek  and  its  tributaries.  One  debris  basin 
will  be  installed  on  Swift  Creek  to  detain  and  control 
the  sediment  resulting  from  a n active  landslide  on 
Sumas  Mountain. 

Installation  cost  is  estimated  to  be  SI  .241 ,295, 
of  which  the  Federal  share  is  $795.61 5.  and  the  local 
share  is  S445.680.  Benefit  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  6.8  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 1 5 -year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management  costing  approximately  SI. 300.208, 
drainage  measures  estimated  to  cost  $3,195,031  .and 
forest  protection  and  management  practices  costing 
$263,880,  for  a total  of  $4,759,1 19.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $6,000,414. 

Dakota  Creak  Watershed  Area  0-1,  Figure  3-1  is 
the  first  watercourse  of  any  size  south  of  the 
Canadian  boundary.  It  flows  in  a northwest  direction 
and  discharges  into  Drayton  Harbor.  About  70 
percent  of  this  watershed  is  forest  covered.  About 
one-third  of  the  area  has  regenerated  to  mixed 
Douglas-fir  and  red  alder  stands  following  logging. 
The  main  objectives  of  the  present  forest  owners  may 
still  be  the  harvest  of  wood  products,  but  watershed 


protection,  wildlife  habitat,  and  recreation  and 
aesthetic  values  are  becoming  more  significant.  Grass 
and  wood  products  are  the  principal  crops  grown  in 
the  watershed. 

A project  is  proposed  for  flood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  area  included  in  this  watershed 
contains  20,314  acres  of  land,  of  which  8,270  acres 
are  cropland,  9,706  acres  are  forest,  1 ,491  acres  rural 
non-farm  and  urban,  and  847  acres  miscellaneous 
uses. 

The  works  of  improvement,  mostly  in  the 
upper  reaches  of  the  watershed,  will  consist  of 
approximately  18  miles  of  channel  improvement  and 
stabilization. 

Installation  cost  is  estimated  to  be  $430,480,  of 
which  the  Federal  share  is  $280,405,  and  the  local 
share  is  $150,075.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  2.9  to 
1 . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management  costing  approximately  $587,992,  drain- 
age measures  expected  to  cost  $472,470.  and  forest 
protection  and  management  practices  costing 
$202,468,  for  a total  of  $1 .262.930.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $1 .693.410. 

California  Creek  Watershed  Area  0-4,  Figure 
3-11.  California  Creek  flows  northwest  and  outlets 
into  Drayton  Harbor  at  Blaine.  The  watershed  is 
primarily  agricultural,  and  it  has  a rolling  topography. 

About  half  of  the  watershed  is  forest  covered 
with  mixed  stands  of  young  Douglas-fir.  red  alder, 
and  paper  birch.  Black  cotton  wood  stands  are  com- 
mon on  the  bottom  lands.  Some  tracts  are  managed 
for  their  wood  fiber,  but  many  woodlot  owners  are 
interested  in  them  for  wildlife  habitat,  recreational, 
and  environmental  qualities. 

A project  is  proposed  for  flood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  watershed  includes  14,192  acres,  of 
which  8,384  acres  are  cropland,  4,118  acres  are 
forest,  919  acres  rural  non-farm  and  urban,  and  771 
acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of 
approximately  14  miles  of  channel  improvement  and 
stabilization  and  one  reservoir  for  floodwater  reten- 
tion, recreation,  and  irrigation. 

Installation  cost  is  estimated  to  be  $470,985  of 
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which  the  Federal  share  is  $313,750,  and  the  local 
share  is  $157,235.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  3.4  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management  costing  approximately  $596,092,  drain- 
age measures  expected  to  cost  $566,545,  and  forest 
protection  and  management  practices  costing 
$85,901,  for  a total  of  $1,248,538.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $1,719,523. 

Silver  (Marietta)  Creek  Watershed  Area  0-5, 
Figure  3-1  is  located  about  10  miles  north  and  west 
ot  Bellingham.  Several  good  roads  make  access  to  the 
area  easy  and  quick.  About  40  percent  of  the  area  is 
non-farm  land  with  a ground  cover  of  small  hard- 
woods. The  current  trend  is  to  develop  this  portion 
for  country  living.  Development  is  also  fostered  by 
being  adjacent  to  the  Pacific  Highway  and  Bellingham 
airport.  Planning  is  essential  in  this  area  to  preserve 
the  outdoor  environment  and  keep  it  aesthetically 
attractive.  Adequate  parks  and  golf  courses  are  some 
elements  to  consider  in  this  objective.  This  plan 
contains  an  early  action  project  to  develop  and 
protect  the  area.  ( 

A project  is  proposed  for  flood  prevention  on 
agricultural  and  urban  areas  and  drainage  of  agricul- 
tural lands.  The  area  included  in  this  watershed 
contains  10,866  acres,  of  which  5,704  acres  are 
cropland,  3,479  acres  arc  forest,  1,264  acres  rural 
non-farm  and  urban,  and  419  acres  miscellaneous 
uses. 

The  works  of  improvements  will  consist  of  16 
miles  of  channel  improvement  and  stabilization,  one 
outlet  structure  consisting  of  floodgates  and  pumps, 
and  the  necessary  dike  modification  and  stren- 
gthening to  insure  the  satisfactory  operation  of  these 
facilities. 

Installation  cost  is  estimated  to  be  $1 ,173,155, 
of  which  the  Federal  share  is  $920,265 , and  the  local 
share  is  $252,890.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  2.1  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 


management  costing  approximately  $405,562,  drain- 
age measures  expected  to  cost  $779,279,  and  forest 
protection  and  management  practices  costing 
$72,572,  for  a total  of  $1,257,418.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $2,430,568. 

Projects  after  1980 

Projects  for  the  years  1980-2000  and 
2000-2020  are  shown  in  Table  3-8  with  their  expec- 
ted costs.  Benefits  and  benefit-cost  ratios  have  not 
been  computed  for  projects  past  1980.  Total  installa- 
tion cost  is  expected  to  be  $6,886,000. 


TABLE  3-8.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No.  ^ 
and  Name 

Project 

Area 

Struc.  Meas. 
1 nstallation 
Cost2 

(acres) 

(dollars) 

1980-2000 

10-3  South  Fork  Nooksack 

122,178 

600,000 

10-4  Middle  Tributaries 

Nooksack3 

56,095 

1.400,000 

10-5  Anderson  Creek 

8,789 

300,000 

0-2  Coastal  Creeks 

16,981 

550,000 

0-3  Terrell  Creek 

9,503 

1,900,000 

0-6  Squalicum  Creek 

17,236 

650,000 

0-9  Lummi  Island 

11.744 

550,000 

Total 

203.133 

5,950,000 

20002020 

lOI  North  Fork  Nooksack 

180,977 

286,000 

102  Middle  Fork  Nooksack 

62,845 

100,000 

1 1-1  Upper  South  Chilliwack 

109,231 

100.000 

07  Lake  Whatcom 

36,835 

300,000 

08  Chuckanut  Mountain 

22,352 

150,000 

Total 

412.240 

936.000 

1 See  Figure  3-1  for  location. 

2 1967  prices. 


3 Part  of  watershed. 

Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 


3-13 


protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  a structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Tabic  3-9  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods: 


Summary  of  costs 

Costs  for  the  Nooksack-Sumas  Basins  plan 
(project  costs  plus  program  costs,  rounded  to  the 
nearest  thousand  dollars)  are  expected  to  be 
$71,505,000  for  the  early  action  program; 
$76,339,000  for  the  years  1980-2000;  and 
$66,309,000  for  the  years  2000  through  2020.  Total 
cost  of  the  plan  will  be  $214,153,000.  See  page  2-89 
et  seq.;  also  page  2-95,  Table  2-20,  for  further 
explanation  of  costs. 


TABLE  3-9.  Watershed  management  practices  for  protection  and  development,  by  time  periods,  Nooksack- 
Sumas  Basins 


Practices  Areas Cost1 


(acres) 

(thousands  of  dollars) 

First  IS  Years 

Technical  assistance  & management 

758,6732 

11.095 

Federal,  regular 

10,594 

Federal,  accelerated 

501 

Installation  of  practices  ( non-F ederal) 

49.437 

State  & corporate  management 

8.456 

Land  treatment 

472.306 

10,961 

Water  management 

55.378 

14.616 

Urban  drainage 

11,410 

15.404 

Total 

60,532 

1980-2000 

Technical  assistance  A management 

768,6732 

12,364 

Federal,  regular 

11,863 

Ffdtfll,  ACdltfftKj 

501 

Installation  of  practices  Inon-F ederal) 

58,025 

State  ft  corporate  management 

11,276 

Land  treatment 

472.305 

*14.614 

Water  management 

36.919 

*17,864 

Urban  drainage 

10,571 

•14,271 

Total 

70,389 

20002020 

Technical  assistance  ft  management 

758,6732 

11,126 

Federal,  regular 

10,708 

Ftctoral,  sccttofitwJ 

418 

Installation  of  practices  (non-Fadaral) 

54.247 

State  ft  corporate  management 

11.275 

Land  treatment 

472.306 

*14.614 

Water  management 

36.000 

•12,720 

Urban  drainage 

11.664 

*16,638 

Total 

65,373 

1 Bass:  1967  prices,  except  items  asterisked  (which  are  1967  adjusted  normalized  prices.  See  page  2-89  for  further  explanation 
of  costs. 

2 Total  acres  in  i stands  involved  In  program  measures. 
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SKAGIT-SAMISH  BASINS 


The  Skagit-Samish  Basins  are  located  largely  in 
Skagit  County,  although  the  eastern  portion  of 
Whatcom  County  and  the  northeastern  portion  of 
Snohomish  County  are  within  the  drainage  basins. 

The  Skagit  River  is  the  largest  river  in  the  Puget 
Sound  Area.  It  drains  an  area  of  3,105  square  miles, 
of  which  nearly  400  square  miles  are  in  Canada.  The 


PRESENT 

The  population  of  the  Basins  in  1963  was 
53,800.  Projections  indicate  that  the  population  in 
1980  will  be  64,200;  in  2000,  86,500;  and  in  2020, 
118.200.  Population  density  at  the  present  time, 
based  on  urban  and  rural  non-farm  lands,  is  1.38 
people  per  acre. 

Farming  and  forestry  are  the  main  users  of  land 
in  the  Basins.  Forage  production  in  support  of  a 
livestock  industry  is  the  largest  type  of  farming.  Many 
farms  produce  significant  amounts  of  vegetables, 
berries,  and  vegetable  seeds.  In  fact,  the  area  produces 
an  estimated  90  percent  of  the  cabbage  seed  and  half 
of  the  garden  beet  seed  for  the  United  States,  phis 
large  amounts  of  turnip  and  rutabaga  seeds. 

Forestry  continues  as  a major  industry  of  the 
Basins  and  supports  several  large  sawmills  and  wood 
pulp  plants.  A large  manufacturer  of  logging  machin- 
ery is  located  at  Sedro-Woolley.  Forested  lands  and 
associated  open  lands  comprise  1 .753,445  acres. 

Farming  and  logging  have  been  the  principal 
activities  in  the  Skagit-Samish  Basins.  Cement  manu- 
facturing, food  processing,  fisheries,  recreation,  and 
hydroelectric  power  add  to  the  economy  of  the 
Basins.  An  industrial  machine  manufacturing  plant 
and  oil  refineries  are  alto  located  in  the  area. 

The  Skagit  River  contributes  the  greatest  num- 
ber of  salmon  of  any  Puget  Sound  river  to  the 
commercial  and  sport  fisheries  within  the  Puget 
Sound  Area,  and  contributes  significantly  to  the 
Strait  of  Juan  de  Fuca  and  Pacific  Ocean  fisheries. 
The  large  fish  canneries  and  processing  plants  in 
Ana cortes  and  LaConner.  as  well  as  the  associated 
fishing  fleets,  marinas,  and  moorages,  contribute  a 


principal  tributaries  are  the  Sauk  River  and  the  Baker 
River.  The  Samish  River  originates  on  a low  divide 
south  of  Acme  in  Whatcom  County  and  its  tributary, 
Friday  Creek,  originates  in  the  hills  south  of  Belling- 
ham. The  drainage  area  of  the  Samish  River  Basin  is 
139  square  miles.  The  genera)  characteristics  of  the 
Skagit  and  Samish  Basins  are  similar. 


STATUS 

large  part  to  the  income  and  economy  of  the  region. 

The  Skagit-Samish  delta,  including  the  brackish 
sloughs,  marshes,  and  adjacent  Skagit.  Samish,  and 
Padilla  Bays,  is  perhaps  the  most  important  winter 
concentration  area  for  waterfowl  on  the  West  Coast 
of  the  United  States  and  Canada.  Upland  game  in 
moderate  amounts  are  found  in  the  lowlands  but  are 
declining  in  numbers  due  to  shifts  in  agricultural  land 
from  cereal  grains  to  more  specialized  crops.  Fur- 
bearing animals  are  numerous  in  the  lower  elevations 
due  to  the  favorable  habitat  provided  by  the  basins. 
Several  species  of  big  game  inhabit  the  forested 
mountain  areas 

The  area  has  long  been  famous  for  its  moun- 
tains, wilderness,  streams,  lakes,  salt  water,  islands, 
and  shorelands.  The  Skagit  River  is  well  known  for  its 
natural  beauty;  and  tremendous  salmon  and  steelhead 
runs,  and  the  man-made  Baker,  Diablo,  and  Ross 
Lakes  are  popular  recreation  attractions.  Deception 
Pass,  separating  these  basins  from  Whidbey  Island,  is 
one  of  the  major  “beauty  spots”  within  the  Puget 
Sound  Study  Area. 

The  climate  of  the  Basins  is  conducive  to 
extremes  in  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floods  and,  conversely, 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  stream  sanitation.  Potential  for  development  of 
streams  and  rivers  is  limited  in  many  respects  unless 
low  flows  can  be  augmented  to  some  degree  by 
structural  measures  and  managment  practices.  Low 
flow  characteristics  of  streams  in  the  Basins  are  given 
in  Appendix  III,  Hydrology. 
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The  present  condition,  of  many  stream  and 
river  channels  in  these  Basins  is  partly  the  result  of 
exploitation  by  man  and  partly  due  to  natural 
factors.  Only  in  the  last  few  years  have  efforts  been 
made  to  protect  and  rehabilitate  the  environment. 
Streambank  erosion  is  severe  in  places  where  sedi- 
ment and  debris  reduce  channel  capacity. 

Small  slides  have  occurred  on  many  of  the 
tributaries  to  the  major  rivers  of  the  basins.  Debris 
dams  from  previous  logging  operations  and  beaver 
colonies  are  present  on  many  tributaries  and  are  a 
hazard  when  high  flows  occur. 

PRESENT  LAND  USE 

The  Skagit-Samish  Basins  provide  the  largest 
valley  system  in  the  Puget  Sound  Area.  The  lower 
flood  plain  contains  about  90,000  acres  of  nearly 
level  and  gently  undulating  river  bottom  lands  and 
tidelands.  The  system  includes  many  flood  and 
drainage  problem  areas  which  require  corrective 
measures  before  their  potential  may  be  attained  (see 
Figure  4-1).  The  ownership  distribution  of  the  Basin’s 
lands  are  shown  on  Figure  4-2. 

The  broad  categories  of  land  use  are  given  in 
Table  4-1.  No  attempt  is  made  here  to  quantify 
multiple  use  management  of  lands,  such  as  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. These  Basins  are  noted  for  large  areas  of 
good  cropland 

SOILS 

A medium-intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  and  national 
park  boundaries.  Lands  within  the  national  forest  and 
national  park  were  mapped  from  a reconnaissance- 
type  survey. 

The  mapping  units  are  discussed  in  soil  survey 
reports  for  the  Skagit,  Whatcom  and  Snohomish 
Counties  and  their  locations  are  shown  on  maps.  The 
soil  survey  report  is  available  in  libraries  and  in  local 
offices  of  the  United  States  Department  of  Agricul- 
ture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1 , Table  6,  of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  Exhibit  I . 

The  total  land  area  of  1,912,500  acres  in  the 


TABLE  4-1.  Present  land  use  by  sub-basins1 


Land  Use 

Skagit 

River 

Basin 

Samish 

River 

Basin 

Puget 

Sound 

Drainages 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

41,016 

27,737 

31,713 

100,465 

Rangeland 

11.446 

4.196 

4,108 

19,748 

Forest2 

1,667,693 

51.765 

33.967 

1,753,445 

Rural 

Non-farm 

14,386 

2,069 

3,617 

20,092 

Urban 

Built-up 

9,896 

1,896 

7.012 

18.804 

Freshwater 

31,639 

983 

2,787 

35.409 

Total 

1,776.074 

88.665 

83,224 

1.947,963 

1 Unadjusted  measurements,  1966,  lor  Puget  Sound  Area 
Study.  Tabulations  by  ADP.  First  three  figures  are  significant 
figures  for  acreages. 


2 Includes  non-fores  ted  land  normally  associated  with  forest. 


Skagit-Samish  Basins  has  a medium-intensity  survey 
on  523,000  acres  and  a low-intensity  survey  on 
1,389,500  acres.  Of  the  523,000  acres,  270,000  acres 
are  classified  in  Land  Capability  Classes  II  through 
VI,  245,000  acres  are  in  Class  VII,  and  8,500  acres 
are  in  Class  VIII  (Figure  4-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (270,000  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  and  IV  may  be  suited 
for  either  crop  or  urban  uses,  and  Class  VI  lands  have 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  these  Basins  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  limited  largely  to  forest  use,  and  Class 
VIII  to  recreation  or  aesthetic  uses. 

The  soil  types  in  the  Area  having  a medium- 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses  and  capability  units  (see  Exhibit  1 , Tables 
9-10).  Lands  having  only  reconnaissance  surveys  are 
roughly  grouped  into  capability  classes.  Tables  4-2 
and  4-3  which  follow  give  a tabulation  of  capability 
subclasses  and  specific  wetness  conditions  for  sur- 
veyed lands  in  these  basins. 
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TABLE  4-2.  Land  conditions  by  capability  classes  in  Skagit-Samish  Basins  (in  acres)1 


Class 

o 

Subclasses 

Class 

Total 

e w 

s 

ew 

es 

we 

ws 

se 

sw 

II 

862 

82.150 

83.012 

III 

8,564 

1,600 

2,416 

32,610 

479 

45,659 

IV 

1,981 

40,183 

8,081 

20,384 

265 

2,241 

73,135 

V 

39 

39 

VI 

25,652 

14,401 

16,665 

7.094 

4,110 

68,121 

VII 

1.105 

2,751 

240,409 

435 

244,700 

VIII 

717 

504 

7,294 

8,515 

TOTAL 

38,870 

59,439 

267,771 

150.006 

4.375 

2,720 

523,181 

1 Unadjusted  measurements.  1966,  for  Pugat  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps.  First  three 
figures  are  significant  figures  for  acreages.  Does  not  include  land  within  national  forests  and  national  parks. 


2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e— erosion;  w-wetness;  s— soil. 


TABLE  4-3.  Land  with  wetness  condition  by  capa- 
bility classes,  Skagit-Samish  Basins  (in  acres) 1 


Land 

Capability 

All  land  in  basins2 

Cropland  in  basins 

Total 

Alt 

Land 

With 

Wetness 

Condition 

Total 

Cropland 

Cropland 

With 

Wetness 

Condition 

last) 

(estl 

II 

83,012 

82,150 

78,861 

78,042 

III 

45,669 

34,689 

14.391 

8,862 

IV 

73,135 

62,808 

7,213 

4,195 

Subtotal 

201,806 

179,647 

100,466 

91,069 

V 

39 

39 

0 

0 

VI 

68,121 

21.496 

0 

0 

VII 

244,700 

3,186 

0 

0 

VIII 

8,615 

7,798 

0 

0 

Subtotal 

321,376 

32,518 

6 

0 

TOTAL 

623,181 

212,166 

100,466 

91,089 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Arae 
Study,  baead  on  National  Cooperative  Soil  Survey  maps.  First 
three  figures  are  significant  figures  for  acreages. 


2 Does  not  include  land  In  national  forest  and  notional  perk. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

in  the  Skagit-Samish  Basins  three  broad  cate- 
gories of  needs-protection  from  floodwater  damage, 
measures  for  watershed  protection  and  rehabilitation, 
and  measures  for  water  management  are  present  in 
varying  degrees  of  intensity  according  to  land  use. 
About  100,465  acres  are  devoted  to  cropland  use  at 
the  present  time;  1,753,445  acres  are  in  forest 
(including  some  areas  of  non-forested  land);  19,748 
are  classed  as  rangeland;  and  38,896  acres  are  in 
intensive  uses.  According  to  Appendix  VII,  Irrigation, 
6,200  acres  were  under  irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  agricultural  water  manage- 
ment, and  urban  drainage  contain  the  practices 
needed  for  development  under  the  concept.  Develop- 
ment needed  in  forestry  and  farming  is  to  keep  pace 
with  other  needs  as  the  population  increases  and 
reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  and  other  land 
and  water  needs,  makes  it  necessary  to  initiate  an 
early  action  program  of  development  to  avoid  costly 
misuse  of  the  land  resource.  An  obvious  need  in  these 
Basins  is  for  improved  floodwater  damage  reduction 
measures  on  the  lower  flood  plain  of  the  Skagit  River. 
This  need  is  described  in  Appendix  XII,  Flood 
Control.  There  is  also  immediate  need  for  flood 
prevention  and  drainage  facilities  to  be  installed  on 
four  watersheds  to  accommodate  orderly  develop- 
ment of  the  Basins.  Details  of  these  early  action. and 
other  future  project  needs  are  found  in  the  Means  to 
Satisfy  Needs  section. 

Projections  are  that  these  Basins  will  remain  for 
the  most  part,  agricultural,  with  some  industrial 


development  to  take  place  in  the  western  part  of  the 
Basins.  The  estimated  number  of  acres,  according  to 
land  use,  that  will  require  protection  and  develop- 
ment measures  by  the  years  1980,  2000,  and  2020 
are  tabulated  in  Table  4-4.  The  same  land  area  may 
require  practices  from  more  than  one  of  these 
categories. 


TABLE  4-4.  Future  needs  for  watershed  manage- 
ment 1 


Year 

F loodwater 
Damage2 
Reductions 

Watershed 
Protection  & 
Rehab.S 

Drainage 

Improve- 

ments 

Irrigation 

Develop-S 

mens'* 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

90,439 

120.748° 

49,023 

40,000 

2000 

90,439 

124.7485 

81,705 

60.000 

2020 

90.439 

134.7485 

108.9406 

95,000 

Intensive 

Laadua 
1980  30,490 

38.896 

38,896 

0 

2000 

30,490 

38,896 

38,896 

0 

2020 

30.490 

38,896 

38.896 

0 

Forested 

Laud.7 

1980 

0 

1.752,910 

0 

0 

2000 

0 

1,748,910 

0 

0 

2020 

0 

1,738.910 

0 

24,900® 

' Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
thee  significant  figures. 

2 Includes  overbank  flooding  of  main  streams. 

3 Needed  for  full  agricultural  development  (see  Appendix  V. 
Water-Related  Land  Resources,  chapter  2.  Agriculture). 

4 According  to  Appendix  VII,  Irrigation,  there  were  6,200 
acres  (using  11,904  acre  feet  of  water)  irrigated  in  1966. 
IrripPtion  Appendix  protections  show  16.200  acres  irrigated 
by  1990,  26.200  acres  by  2000,  and  61.200  acres  by  2020. 

6 Includes  19. 749  acres  of  rangeland. 

® Does  not  agree  with  Table  43  due  to  land  use  changes 
during  time  lapse. 

7 Includes  some  non-fore  sled  land  commonly  associated 

* Potential  irrigation  of  forests  (sea  Appendix  V,  chapter  3, 
F ore  spy  I . 
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Table  4-5  shows  drainage  groups  by  watersheds  drainage  group.  From  this  and  other  data  the  drainage 

in  the  Skagit-Samish  Basins,  with  the  acreage  in  each  needs  for  expected  land  uses  in  the  Basins  are  derived. 


TABLE  4-5.  Drainage  groups  in  Skagit-Samish  Basins1  (in  acres)2 


1 

N 

E 

Watershed 

Area 

No  3 

River  Bauni 
And 

Water  died* 

01 

Skagit  River  Basin 

1 

*1 

Uptier  Skagit  R rver 

5.976 

2 

*2 

Baker  River 

54 

3 

9-3 

CaKade  River 

466 

4 

9-4 

Suiattte  R iver 

1.220 

5 

95 

Sauk  River 

5.440 

6 

96 

North  Skagit  1 rib* 

10.703 

7 

97 

South  Skagit  T nb» 

5.257 

8 

98 

Gager  Slough 

17.025 

9 

99 

Nook  ac  hemp* 

5.693 

10 

910 

South  Ml.  Vernon 

9.423 

11 

Total 

56.257 

Samifh  River  Barm 

12 

<M4 

Samrrh  River 

72.444 

13 

Total 

77.444 

Puget  Sound  Drainage* 

14 

0 10 

F idelgo  Island 

7.915 

15 

915 

Skagit  Flat* 

29  818 

Total 

32.733 

Grand  Total 

111.434 

425 

778 


969  0 
969  0 


36 

385 

62 

2 

105 

827 


778 

778 


07  UR 


0 0 

0 0 

0 0 

0 0 

0 95 

0 0 

0 0 

0 o 

0 0 

0 55 

0 150 


0 0 
0 0 

0 0 

0 160 


09 

10 

11 

12 

13 

14 

15 

16 

Total 

38 

140 

65 

0 

0 

2 

0 

610 

6,974 

0 

0 

3.027 

78 

0 

0 

0 

0 

3.372 

0 

0 

0 

0 

0 

0 

0 

190 

656 

0 

0 

0 

6 

0 

55 

0 

190 

1.470 

0 

0 

20 

36 

0 

150 

0 

1.078 

6 948 

113 

1.011 

1,777 

18 

0 

386 

0 

464 

14.913 

30 

0 

803 

15 

0 

1.435 

0 

1.177 

8.784 

0 

1.406 

475 

18 

0 

7 

0 

104 

14  005 

1.130 

4.411 

11.477 

177 

0 

66 

0 

68 

23.612 

633 

2.883 

7.061 

91 

0 

10 

0 

386 

22.197 

1.944 

9.853 

24.595 

437 

0 

2.111 

0 

4.257 

102.881 

1,407 

10.698 

8.208 

1.132 

0 

817 

0 

498 

47.971 

1.407 

10.696 

8.208 

1.132 

0 

817 

0 

498 

47.921 

878 

5.871 

10.218 

768 

0 

170 

0 

450 

21.370 

400 

6.120 

163 

65 

0 

0_ 

0 

2.647 

39.960 

1.278 

11.941 

10.381 

333 

0 

170 

0 

3.097 

61.320 

4.629 

32.492 

43.184 

1.902 

0 

3.098 

0 

7.847  712.127 

1 Descriptions  of  drainage  groups  are  found  m the  Means  to  Satisfy  Naeds  section  of  the  Ana  report. 

2 Unadlufted  measurements.  1966.  for  Puget  Sound  Area  Study  Tabulations  by  A DP  Read  three  significant  figures. 

3 See  Figure  4 1 for  location. 


MEANS  TO  SATISFY  NEEDS 


Projections  indicate  that  by  the  year  2020 
population  in  the  Skagit-Samish  Basins  will  be 
1 18,200.  The  means  to  be  used  to  achieve  the  levels 
necessary  to  meet  the  needs  of  this  expected  popula- 
tion consist  of  programs  and  projects  for  protection 
and  development  of  the  land  and  water  resources  of 
the  Basins.  The  wise  use  and  development  of  these 
resources  can  supply  the  spatial  needs  and  aesthetic 
wants  of  the  growing  population  in  these  Basins.  The 
needs  as  developed  in  other  appendices  have  been 
considered  in  this  appendix  as  related  to  the  land  and 
water  resources  of  the  basins. 

The  objective  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin's  resources  to 
achieve  their  potential  production  of  food  and  fiber 
as  economically  justified;  to  preserve  and  enhance 
fish,  wildlife,  and  recreation  values  in  accord  with  the 
Fish  and  Wildlife,  and  Recreation  Appendices:  to 


provide  for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  4-1  in  Present  Status  indicates  by  sub- 
basins the  present  land  use.  Table  4-0  summarizes  by 
time  periods  the  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  is  practical. 
Loss  is  limited  to  tolerable  levels  by  restricting 
intensive  uses  of  land  in  hazardous  areas.  Watersheds 
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TABLE  4-6.  Estimated  future  land  use 


Urban 


Year 

Crop- 

Range- 

Forest' 

Built- 

Fresh 

Total 

land 

land 

up2 

water 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

101,000 

19,748 

1,752,910 

38,896 

35.409 

1.947,963 

2000 

105,000 

19,748 

1,748,910 

38,896 

35.409 

1,947,963 

2020 

115,000 

19,748 

1,738,910 

38,896 

35,409 

1,947.963 

' Includes  non-forested  land  normally  associated  with  forest. 

Rural  non-farm  is  assumed  to  be  all  urban  by  1980.  Built-up  is  based  on  average  urban  density  of  six  persons  per  acre. 


require  varied  combinations  and  intensities  of  man- 
agement according  to  land  capability  and  use.  Pro- 
grams are  planned  to  stabilize  land  and  related  water 
and  thus  benefit  most  functional  uses  of  water. 
Special  objectives  for  improvement  may  be  selected 
for  project  purposes. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  satisfaction  of 
needs,  as  brought  out  in  the  Needs  discussion,  will 
utilize  the  program  and  project  approach  as  explained 
in  the  Puget  Sound  Area  section.  The  plan  will  guide 
the  development  of  the  resources  of  the  Skagit- 
Samish  Basins  to  provide  for  spatial  and  production 
requirements  for  the  expected  population  of  its 
service  area  to  the  year  2020.  Projects  to  curb 
excessive  flood  damage  that  occurs  on  the  Skagit, 
Sauk,  White-Chuck,  and  Samish  Rivers,  on  Grandy 
Creek,  and  in  a few  of  the  smaller  drainages  should  be 


undertaken  in  order  to  protect  and  enhance  fish, 
wildlife,  and  recreational  areas. 

Early  Action  Projects 

Several  projects  will  be  initiated  prior  to  1980 
to  remedy  existing  floodwater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 
continued  use.  Following  are  descriptions  of  projects 
in  the  early  action  plan  as  listed  in  Table  4-7. 

Gages  Slough  Watershed  Area  9-8,  Figure  4-1  is 
that  area  tributary  to  the  north  side  of  the  Skagit 
River  and  includes  the  cities  of  Burlington  and 
Sedro-Woolley,  both  of  which  lie  within  the  flood 
plain.  The  major  portion  of  the  watershed  is  the  flood 
plain  of  the  Skagit  River  with  only  a small  area  of  hill 
land  which  is  located  north  of  Sedro-Woolley.  Gages 
Slough  appears  to  have  been  an  old  watercourse  of 
the  Skagit  which  was  abandoned  and  a new  present 
channel  formed  about  one  mile  to  the  south.  The 
forest  area  is  largely  confined  to  a small  area  on  hills 


TABLE  4-7.  Costs  and  banafitad  areas,  early  action  projects  recommended  for  installation  by  1980 


Watershed  Area  No. 
and  Name1 

Protect 

Arse 

Project 

Structural 

Measures 

Cost2 

Flood- 

water 

Protec- 

tion 

Drainage 

Improve- 

ment 

(acres) 

(dollars) 

(acres) 

(acres) 

9-8  Gagas  Slough 

14,419 

1,107,000 

9,520 

7,067 

9-10  South  Mt.  Vernon 

32,132 

1,434,000 

9.619 

10,501 

0-14  Samish  River3 

63.716 

4,962,000 

23,859 

24,028 

0-16  Skagit  Flats 

41,146 

3,234,000 

31,788 

28,402 

Total 

161,416 

10,637,000 

74,788 

70,018 

1 See  Figure  4-1  for  location. 

2 1967  prices. 

3 Part  of  watershed. 
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and  Hart  Island  Slough.  Woodlands  on  the  high 
portions  consist  of  mixed  stands  of  Douglas-fir  and 
red  alder,  in  the  lower  lands,  red  alder  and  cotton- 
wood. The  upland  areas  provide  excellent  liomcsites 
and  the  development  should  he  planned  to  enhance 
the  landscape  and  preserve  water  resource  values. 

The  project  is  feasible  for  flood  prevention  on 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  includes  14,419  acres  of  which 
7,100  acres  are  cropland,  1,362  acres  are  forest, 
4,841  acres  rural  non-farm  and  1 ,1 1 6 miscellaneous 
uses. 

The  works  of  improvement  will  consist  of 
approximately  17  miles  of  channel  improvement  and 
stabilization  and  one  outlet  structure  which  will 
contain  tloodgates  and  pumps. 

Installation  cost  is  estimated  to  be  $1,107,1 10, 
of  which  the  Federal  share  is  $705,140, and  the  local 
share  is  $401,970.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  4.0  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management  costing  approximately  $549,540,  drain- 
age measures  expected  to  cost  $ 1 ,630,070  and  forest 
protection  and  management  practices  costing 
$29,079,  for  a total  of  $2,208,689.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $3,315,799. 

South  Mt.  Vernon  Watershed  Area  9-10,  Figure 
4-1  is  an  area  of  about  50  square  miles  on  the  south 
and  east  sides  of  and  tributary  to  the  Skagit  River.  It 
includes  the  city  of  Mt.  Vernon  and  most  of  the  flood 
plain  south  of  the  city.  About  30  square  miles  of  hill 
land  east  of  this  flood  plain  are  included  in  the 
watershed.  A contour  flood  channel  located  at  the 
base  of  these  hills  conveys  floodwater  from  the 
uplands  to  an  outlet  into  the  south  fork  of  the  Skagit 
River.  This  channel  makes  possible  the  farming  of  the 
low-lying  flood  plain  area.  The  area  is  cultivated 
annually  and  produces  high  value  seed  and  vegetables 
crops.  Low  lands  should  remain  in  largely  agricultural 
use. 

About  60  percent  of  the  watershed  is  forest 
covered.  Forests  occur  mainly  on  the  upland  where 
there  is  nearly  a solid  stand  of  Douglas-fir.  Following 
logging,  many  cutovers  reverted  to  mixed  Douglas-fir 
and  red  alder  stands.  On  the  higher  slopes,  the 
Douglas-fir  predominates  in  thrifty  young  stands 
which  rapidly  reach  log  size.  Much  area  is  held  for 


commercial  timber  but  due  to  easy  access  and  some 
attractive  lakes,  there  is  a great  demand  to  acquire 
tracts  for  forest  retreats.  There  are  areas  of  steep 
ground  where  timber  harvest,  roads,  or  other  develop- 
ment needs  land  treatment  or  special  planning. 

The  project  is  feasible  for  Hood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  32,132  acres  of  which 
11,500  acres  are  cropland,  14,881  acres  are  forest, 
4,231  acres  rural  non-farm  and  urban,  and  1,520 
acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  22 
miles  of  improved  and  stabilized  channel  and  four 
outlet  structures  which  may  contain  floodgates  and 
pumps.  Approximately  one-half  mile  of  protective 
embankment  would  be  installed  at  the  south  side  of 
the  flood  plain  area. 

Installation  cost  is  estimated  to  be  $1,433,715, 
of  which  the  Federal  share  is  $1,027,465,  and  the 
local  share  is  $406,250.  Benefits  from  damage  reduc- 
tion and  drainage  will  provide  a benefit-cost  ratio  of 
4.1  to  I.  To  achieve  benefits  made  possible  by  the 
structural  works  and  other  management  during  a 
15-year  period,  local  interests  will  install  necessary 
land  treatment  measures,  for  erosion  control  and 
flood  management  costing  approximately  $890,100; 
drainage  measures  expected  to  cost  $2,207,082;  and 
forest  protection  and  management  practices  costing 
$317,710;  for  a total  of  $3,414,892.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $4,848,607. 

The  Samish  River  Watershed  Area  0-14,  Figure 

4-1  outlets  into  Samish  Bay  and  Leary  Slough,  a 
subwatershed  outlet  to  Padilla  Bay  through  the  north 
edge  of  the  Skagit  River  Hood  plain.  The  origin  of  the 
Samish  is  on  the  flood  plain  of  the  south  fork  of  the 
Nooksack  River.  This  stream  has  a very  narrow  Hood 
plain  and  Hows  for  much  of  its  length  between  steep 
and  rugged  mountains.  Its  tributary  streams,  except 
for  Friday  Creek,  are  short  and  steep. 

Almost  all  of  the  area  outside  of  the  flood  plain 
is  forest  land,  and  this  involves  about  85  percent  of 
the  watershed.  On  the  lower  slopes  there  is  a mixed 
stand  of  Douglas-fir  and  red  alder,  and  above  this  is  a 
belt  of  Douglas-fir.  At  the  higher  elevations,  on  the 
east  side,  western  hemlock  is  the  predominating 
species  and  on  the  crest  of  the  ridges  the  forest  stand 
consists  of  true  firs.  All  the  area  has  productive 
timberland  that  has  been  logged  at  vai ious  periods. 
Much  of  the  area  will  continue  to  be  managed  for 
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harvesting  of  wood  products,  depending  on  size  and 
type  of  ownership,  accessibility  and  distance  from 
more  developed  areas. 

The  project  is  feasible  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  63,716  acres,  of  which 
26.287  acres  are  cropland,  31,454  acres  are  forest, 
2,852  acres  rural  non-farm  and  urban,  and  3,123 
acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  65 
miles  of  improved  and  stabilized  channel  and  five 
outlet  strictures  consisting  of  floodgates  and  pumps. 

Installation  cost  is  estimated  to  be  S4.861 ,780, 
of  which  the  Federal  share  is  $3,431,845,  and  the 
local  share  is  $1,429,935.  Benefits  from  damage 
reduction  and  drainage  will  provide  a benefit-cost 
ratio  of  2.8  to  I.  To  achieve  benefits  made  possible 
by  the  structural  works  and  other  management  during 
a 15-year  period,  local  interests  will  install  necessary 
land  treatment  measures  for  erosion  control  and 
flood  management  costing  approximately 
$2,034,608;  drainage  measures  expected  to  cost 
$5,421,678;  and  forest  protection  and  management 
practices  costing  $671 ,542,  for  a total  of  $8,127,828. 
The  total  cost  of  installing  the  structural  measures 
and  the  land  treatment  measures  is  $12,989,608. 

Skagit  Flats  Watershed  Area  0-15,  Figure  4-1, 

is  the  delta  of  the  Skagit  River,  lying  on  the  north 
and  west  sides  of  the  river  and  includes  Fir  Island.  It 
is  on  nearly  level  land  except  for  a few  points  and 
ridges  that  appear  almost  as  islands  in  the  level  plain. 
The  nearly  level  areas  are  mostly  farmed  in  annual 
crops.  This  is  the  largest  area  of  excellent  high- 
producing  agricultural  soil  in  the  Puget  Sound  Area. 
Almost  all  of  the  agricultural  area  is  below  10  feet 
mean  sea  level  elevation.  Flood  control  and  drainage 
problems  are  severe  and  many  flood  control  and 
diking  districts  are  located  in  the  watershed. 

The  project  is  feasible  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  watershed  contains  41,148  acres,  of 
which  28,487  acres  are  cropland,  4,834  acres  are 
forest,  3,828  acres  rural  non-farm  and  urban,  and 
3,999  acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  43 
miles  of  improved  and  stabilized  channel,  five  outlet 
structures  consisting  of  floodgates  and  pumps,  and 
five  miles  of  new  and  reconstructed  dike. 

Installation  cost  is  estimated  to  be  $3,234,435, 


of  which  the  Federal  share  is  $2,060,395,  and  the 
local  share  is  $1,174,040.  Benefits  from  damage 
reduction  and  drainage  will  provide  a benefit-cost 
ratio  of  5.1  to  1 . To  achieve  benefits  made  possible 
by  the  structural  works  and  other  management  during 
a 15-year  period,  local  interests  will  install  necessary 
land  treatment  measures  for  erosion  control  and 
flood  management  costing  approximately 
$2,204,888,  drainage  measures  expected  to  cost 
$6,453,955,  and  forest  protection  and  management 
practices  costing  $103,206  for  a total  of  $8,762,049. 
The  total  cost  of  installing  the  structural  measures 
and  land  treatment  measures  is  $1 1 ,996,484. 

Projects  after  1980 

Projects  for  the  years  1980-2000,  and 
2000-2020  are  shown  in  Table  4-8  with  their  ex- 
pected costs.  Benefits  and  benefit-cost  ratios  have  not 
been  computed.  Total  installation  costs  are  expected 
to  be  $3,310,000. 


TABLE  4-8.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No. 
and  Name1 

Project 

Area 

Struc.  Meas 
1 nstallation 
Cost2 

(acres) 

(dollars) 

1980-2000 

9-6  North  Skagit  Tributaries 
9-7  South  Skagit  Tributaries 
0-10  Fidalgo  Island  Group 

67,186 

115,039 

39.289 

1.200,000 

350.000 

300.000 

Total 

221,514 

1,850.000 

2000-2020 


9-1  Upper  Skagit  River 

702.355 

760,000 

9-2  Baker  River 

182.231 

100,000 

9-3  Cascade  River 

117.475 

100,000 

9-4  Suiattle  River 

221.575 

100,000 

9-5  Sauk  River 

244.446 

400,000 

Total 

1.468,062 

1,460,000 

1 See  Figure  4-1  for  location. 

2 1967  prices. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
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improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  for  management  practices, 
and  irrigation  development. 

Table  4-*)  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 


Summary  of  Costs 

Costs  for  the  Skagit-Samish  Basins  plan  (project 
costs  plus  program  costs,  rounded  to  the  nearest 
thousand  dollars)  are  expected  to  be  $98,193,000  for 
the  early  action  programs;  $101,076,000  for  the 
years  1980-2000;  and  $110,778,000  for  the  years 
2000  through  2020.  Total  cost  of  the  plan  will  be 
$310,047,000;  see  page  2-89  et  seq.;  also  page  2-95, 
Table  2-20,  for  further  information  on  costs. 


TABLE  4-9.  Watershed  management  practices  for  protection  and  development,  by  time  periods,  Skagit-Samish 
Basins 


Practice 

Area 

Costs1 

(acres) 

(thousands  of  dollars) 

First  15  Years 

Technical  assistance  & management 

1.873.6582 

31.995 

Federal,  regular 

31.750 

Federal,  accelerated 

245 

Installation  of  practices  (non-Federal) 

55.561 

State  & corporate  management 

9.585 

Land  treatment 

470,401 

9.118 

Water  management 

33,800 

t4.0S3 

Urban  drainage 

16.885 

22,795 

Total 

87.556 

19802000 

Technical  assistance  & management 

1.873.6582 

42.392 

Federal,  regular 

42,147 

Federal,  accelerated 

245 

Installation  of  practices  (non-Federal) 

56.834 

State  & corporate  management 

12.779 

Land  treatment 

470.401 

*12,157 

Water  management 

27,236 

*17,606 

Urban  drainage 

10,587 

*14,292 

Total 

99,226 

2000-2020 


Technical  assistance  & management 

1,873,6582 

37,006 

Federal,  regular 

36.596 

Federal,  accelerated 

409 

Installation  of  practices  ( non-Fedarall 

72,313 

State  A corporate  management 

12,779 

Land  treatment 

470.401 

*12,167 

Water  management 

49.023 

•31,965 

Urban  drainage 

11,424 

•16.422 

Total 

109,318 

1 Ban:  1967  prices,  except  items  asterisked  which  are  1967  adjuslsd  normalized  prices.  See  page  2 89  for  further  explanation 
of  coats. 


2 Total  acres  in  Basins  involved  in  program  measures 


4-12 


StillaquatnLsh  ffiaalti 


STILLAGUAMISH  BASIN 


The  Stillaguamish  Basin  is  confined  to  south- 
western Skagit  County  and  northwestern  Snohomish 
County.  Approximately  one-third  of  the  Basin  lies  in 
Skagit  County,  and  the  remainder  in  Snohomish 
County. 


The  Stillaguamish  Basin  provides  one  of  the 
smaller  valley  systems  in  the  Puget  Sound  Area  and 
drains  an  area  of  685  square  miles.  Its  principal 
tributaries  are  the  North  Fork  Stillaguamish  River 
and  the  South  Fork  Stillaguamish  River. 


PRESENT  STATUS 


In  1963  the  population  was  1 7,600,  and  projec- 
tions indicate  that  by  1980  the  population  will  be 
30,200;  by  2000.  48,500;  and  by  the  year  2020  will 
reach  77,800.  Present  density  per  acre,  based  on 
urban  and  rural  non-farm  lands,  is  1.39  people  per 
acre. 

Farming  and  forestry  are  the  main  users  of  land 
in  the  Basin.  Although  considerable  quantities  of 
vegetables  and  berries  are  produced,  approximately 
three-fourths  of  the  cropland  is  used  to  support  the 
livestock  industry.  Total  value  of  farm  production  is 
over  $6  million  annually. 

Forestry  continues  as  a major  industry  of  the 
Basin,  and  supports  numerous  mills,  including  several 
lumber  mills,  a plywood  mil)  and  a cedar  shake  mill, 
and  a plant  which  manufactures  hardwood  paper  roll 
forms.  Forested  lands,  including  open  areas  associated 
with  forests,  comprise  approximately  385,000  acres. 

Farming  and  logging  have  been  the  principal 
activities  in  the  Stillaguamish  Basin.  Other  industry, 
concentrated  mainly  around  Arlington  and  Silvana, 
includes  aircraft  repair,  the  rolling  and  shaping  of 
corrugated  metal  pipe,  a furniture  plant,  several 
freezer  plants,  and  food  processing  and  storage  plants. 
Several  mills,  dealing  with  a variety  of  wood  by- 
products, are  also  located  in  this  area.  Recreation, 
with  fishing  and  dude  ranching  being  the  most 
prominent,  plays  an  important  part  in  the  Basin. 

The  production  of  salmon  from  the  Stilla- 
guamish River  contributes  significantly  to  the  com- 
mercial and  sport  fisheries  in  Puget  Sound,  Strait  of 
Juan  de  Fuca  and  the  Pacific  Ocean. 

The  Stillaguamish  is  one  of  the  smallest  Basins, 
but  runs  high  in  production  of  forest  game  species 
and,  due  to  an  abundance  of  natural  water  areas, 
produces  significant  numbers  of  fur-bearing  animals 
and  waterfowl.  The  relatively  low  elevation  contri- 
butes significantly  to  the  Basin’s  wildlife  value,  as 


most  species  arc  limited  in  the  areas  they  can  inhabit 
by  the  depth  and  duration  of  winter  snow. 

Water-based  recreation  opportunities  are  few  by 
comparison  with  other  Puget  Sound  Basins.  Frontage 
on  Puget  Sound  itself  is  restricted  to  tideflat  areas  in 
the  upper  reaches  of  Port  Susan  and  Skagit  Bay. 
While  small  lakes  are  numerous  in  the  mountain  areas 
the  only  large  lake  is  Lake  Cavanaugh.  Most  water- 
based  recreation  is  concentrated  along  the  streams 
and  rivers. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
basin  are  given  in  Appendix  III,  Hydrology. 

Some  unfavorable  conditions  of  stream  and 
river  channels  in  this  Basin  are  partly  the  result  of 
nearly  a century  of  exploitation  by  man  with  only 
the  last  few  years  devoted  to  efforts  to  protect  and 
rehabilitate  the  environment.  Streambank  erosion  is 
severe  in  areas  where  sediment  and  debris  reduce 
channel  capacity. 

One  large  and  several  small  slides  exist  on  the 
tributaries  of  the  Stillaguamish  River  and  are  contri- 
buting quantities  of  sediment  to  the  main  stream. 
Debris  dams  from  previous  logging  operations  are 
present  on  many  tributaries  and  are  a hazard  when 
high  flows  occur. 

PRESENT  LAND  USE 

This  Basin  includes  many  flood  and  drainage 
problem  areas  which  require  corrective  measures 
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before  their  potential  can  be  attained.  The  lower 
flood  plain  contains  about  26,000  acres  of  level  or 
gently  undulating  river  bottom  lands  and  tidelands. 
The  upper  reaches  of  the  basin  are  steep,  mountain- 
ous valleys,  with  turbulent  streams.  Below  Arlington, 
the  valley  drops  almost  to  sea  level  and  widens  to  a 
flat,  fertile  plain  as  much  as  two  miles  wide  and 
thirteen  miles  long  (see  Figure  S-l).  The  ownership 
distribution  of  the  Basin's  lands  are  shown  on 
Figure  5-2. 

The  broad  categories  of  land  use  are  given  in 
Table  5-1  which  follows.  No  attempt  is  made  here  to 
quantify  multiple-use  mangement  of  lands  such  as  for 
game  habitat,  recreation,  water  quality,  or  low  flow 
augmentation. 

TABLE  5-1.  Present  land  use  by  sub-basin  1 


Land  Use 

Stillaguamish 

Basin 

Total 

(acres) 

(acres) 

Cropland 

34,631 

34,631 

Rangaland 

1.016 

1,016 

Forest2 

366.460 

386,460 

Rural 

Non-farm 

5,933 

5.932 

Urban 

Built-up 

6.696 

6.696 

Fresh  Water 

4,721 

4,721 

Total 

438,348 

436.348 

1 Unadjusted  measurements  1906  tor  Puget  Sound  Study. 
Tabulations  by  A DP.  First  three  figures  am  significant  figures 
fori 


2 Indudes  non-forestud  land  normally  associated  with  forest 

SOILS 

A medium  intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  boundaries. 


Lands  within  the  national  forests  were  mapped  from 
a reconnaissance -type  survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Skagit  and  Snohomish  Counties 
and  their  locations  are  shown  on  maps.  The  soil 
survey  report  is  available  in  libraries  and  in  local 
offices  of  the  United  States  Department  of  Agricul- 
ture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  I,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  434,000  acres  in  the 
Stillaguamish  Basin  has  a medium  intensity  survey  of 

258.000  acres  and  a low  intensity  survey  on  176,000 
acres.  Of  the  258,000  acres,  125,000  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 

131.000  acres  are  in  Class  VII,  and  3,000  acres  in 
Class  VIII  (Figure  5-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (125,000  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  IV  may  be  suited  for 
either  crops  or  urban  uses,  and  Class  VI  has  potential 
for  urban  development.  Most  of  the  Class  II  and  Class 
III  lands  in  the  Basin  are  subject  to  flooding  and  have 
wetness  conditions  which  present  hazards  for  many 
developed  uses.  Class  VII  expected  to  be  largely 
limited  to  forest  use  and  Class  VIII  for  recreation  or 
aesthetic  use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  5-2  and  5-3  which  follow  give  a tabula- 
tion of  capability  subclasses  and  specific  wetness 
conditions  for  surveyed  lands  in  this  Basin. 


LEGEND 


LAND  LIMITED  IN  USE 
GENERALLY  NOT  SUITED  FOR  CULTIVATION 


LAND  SUITED  FOR  CULTIVATION  AND  OTHER  USES 


Soils  in  Class  III  have  severe  limitations  that  re- 
duce the  choice  of  plants,  or  require  special  con- 
servation practices  When  used  for  cultivated  crops, 
the  conservation  practices  are  usually  more  diffi- 
cult to  apply  and  to  maintain.  The  soils  are  suited 
for  cultivated  crops,  pasture,  woodland,  wildlife 
food  and  cover,  and  recreation. 


Soils  and  land  forms  in  Class  VIII  have  limitations 
that  preclude  their  use  for  coesaerciel  plant  pro- 
duction and  restrict  their  use  to  recreation,  wild- 
life, water  supply,  or  esthetic  purposes 


Soils  in  Class  IV  have  very  severe  limitations  that 
restrict  the  choice  of  plants,  require  very  careful 
management , or  both.  The  soils  in  Class  IV  may  be 
used  for  crops,  pasture,  woodland,  wildlife  food 
and  covar,  and  recreation. 


PRIMARY  SUBCLASSES 
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FIGURE  5-3. 


T*BLE  5-2.  Land  conditions  by  capability  desses  in  Stillaguamish  Basin  (in  acres) 1 


Clast 

Subclasses2 

0W 

t 

91* 

•s 

•s 

Mtt 

W* 

M 

•KV 

Total 

II 

20,327 

20.327 

III 

6,769 

4.691 

2,640 

9,529 

200 

22.819 

IV 

5.566 

21.837 

300 

2.594 

125 

30.412 

V 

0 

VI 

24.660 

16.641 

6.303 

316 

4,391 

51,230 

VII 

3.406 

1,176 

126,297 

130.878 

VIII 

10 

2.649 

2.659 

Total 

39.411 

43.244 

136,640 

36.414 

4,516 

200 

258,325 

1 Unadjusted  mtaurmtoti.  1966.  for  Pugtt  Sound  Area  Study,  baaed  on  National  Cooperative  Soil  Survey 
maps.  F irst  three  figuret  an  significant  figures  for  acreages.  Does  not  include  land  within  national  forests. 

2 Letters  for  aubdaaes  denote  haaards  or  conditions  that  affect  land  use  and  treatment;  e-erosion; 
w wetness;  a-toil. 


TABLE 

63.  Land  wMi  wetns 

at  condition  by  capa- 

A- !«■«-.  -S- 

omry  cm 

net.  Stiliap 

samWi  Baa 

in  (in  acrai 

I)1 

AH  land  in  basin3 

Cropland  in  basin 

Cropland 

Land 

With 

With 

Capability 

Total  AN 

Mum 

Total 

■««-»- 

TTfoaa 

Classes 

Land 

AjbauSiSiA* 

Cropland 

Condition 

left) 

lest) 

II 

20,327 

20.327 

19.311 

19.311 

III 

22,819 

14,420 

10,783 

6,814 

IV 

30.412 

24.431 

4.437 

3.014 

Subtotal 

73,668 

60.178 

34.531 

29,139 

V 

0 

0 

0 

0 

VI 

51,230 

16.866 

0 

0 

VII 

130.878 

1,176 

0 

0 

VIII 

2.669 

2.640 

0 

0 

Subtotal 

184,767 

19.680 

0 

0 

TOTAL 

268,326 

78,868 

34.631 

29.139 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study  bated  on  National  Cooperative  Soil  Survey  maps.  First 
three  figuret  are  significant  figuret  for  screagat. 
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Does  not  include  land  in  national  forests. 


PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUTATION 

In  (he  Stillaguamish  Basin  three  broad  cate- 
gories of  needs  protection  from  floodwater  damage, 
measures  for  watershed  protection  and  rehabilitation, 
and  measures  for  water  management-are  present  in 
varying  degrees  of  intensity  according  to  land  use. 
About  34,5.11  acres  are  devoted  to  cropland  use  at 
the  present  time;  385,450  acres  are  in  forest  (includ- 
ing some  areas  of  non-forested  land);  1 ,016  acres  are 
classified  as  rangeland;  and  12,630  acres  are  in 
intensive  uses.  According  to  Appendix  VII,  Irrigation, 
2,500  acres  were  under  irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  accelerated  pro- 
duction of  food  and  fiber,  and  other  land  and  water 
needs,  makes  it  necessary  to  initiate  an  early  action 
program  of  development  to  avoid  costly  misuse  of  the 
land  resource.  An  obvious  need  in  this  Basin  is  for 
improved  floodwater  damage  redaction  on  the  Stilla- 
guamish River  as  described  in  Appendix  XII,  Flood 
Control,  and  for  flood  prevention  and  drainage 
facilities  to  be  installed  on  two  small  watersheds 
considered  to  be  in  need  of  improvement  to  accom- 
modate orderly  development  of  the  basins.  Details  of 
these  early  action  projects  are  found  in  the  Means  to 
Satisfy  Needs  section. 

Projections  indicate  that  the  Stillaguamish 
Basin  will  remain  largely  agricultural  with  9ome 


intensive  land  use  development  in  the  western  region 
in  the  vicinity  of  Arlington.  The  estimated  number  of 
acres,  according  to  land  use,  that  will  require  protec- 
tive and  development  measures  by  the  years  1980, 
2000,  and  2020  are  tabulated  in  Table  5-4.  The  same 
land  area  may  require  more  than  one  of  these 
practices. 


TABLE  5-4.  Future  needs  for  watershed  manage- 
ment 1 


Year 

F loodwater 
Damage2 
Reduction3 

Watershed 
Protection  & 
Rehab.3 

Drainage 

Improve- 

ment3 

Irrigation 

Develop-3 

ment4 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

23.075 

35,547° 

13,541 

11,675 

2000 

23.075 

35,5475 

22,568 

16,670 

2020 

23,075 

36.0165 

30.0916 

30,000 

Intensive 

1 end  lisa 
1980  1.470 

12,630 

12,630 

0 

2000 

1,470 

12,630 

12,630 

0 

2020 

1,470 

12,967 

12,967 

0 

Forested 

Land7 

1980 

0 

385,450 

0 

0 

2000 

0 

385,450 

0 

0 

2020 

0 

384,644 

0 

20.6008 

1 Acreages  derived  by  map  measurements  and  ADA  tabula- 
tion for  the  PSA  AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

2 Includes  overbank  flooding  of  main  streams. 

2 Needed  for  full  agricultural  development  (see  Appendix  V, 
Water  Related  Land  Resources,  chapter  2.  Agriculture). 

4 According  to  Appendix  VII,  Irrigation,  there  were  2,500 
acres  (using  4,800  acre  feet  of  water)  irrigated  in  1986. 
Irrigation  Appendix  protections  show  6,600  acres  irrigated  by 
I960,  10,500  acres  by  2000,  and  10,600  acres  by  2020. 

5 Includes  1,016  acres  of  rangeland. 

® Does  not  agree  with  Table  6-3  due  to  land  use  changes 
during  time  lapse. 

7 Includes  tome  non-forested  land  commonly  associated 
with  forests. 

8 Potential  irrigation  of  forests  (tea  Appendix  V,  chapter  3. 
Forestry). 
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Table  5-5  shows  drainage  groups  in  the  water-  other  data  the  drainage  needs  for  expected  land  uses 

sheds  of  the  Stillaguamish  Basin,  with  the  acreage  of  in  the  Basin  is  derived, 

land  falling  into  each  drainage  group.  From  this  and 


TABLE  5-5.  Drainage  groups  in  Stillaguamish  Basin1  (in  acres)2 


Rivar  Batms 
And 


t 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

Total 

Pugat  Sound  Drainages 

1 

0 17 

No.  Fork  Stillaguamish 

7.268 

0 

767 

20 

0 

545 

0 

405 

0 

0 

3,179 

75 

0 

95 

0 

678 

13.032 

2 

018 

S Fork  Stillaguami* 

1.498 

0 

1,217 

45 

0 

409 

0 

195 

0 

0 

6.675 

209 

0 

16 

0 

460 

10.723 

3 

019 

Jun  Creek 

556 

0 

120 

0 

0 

631 

286 

64 

0 

0 

1.955 

54 

0 

5 

0 

95 

3,764 

4 

020 

Pilchucfc  Creak 

833 

0 

763 

0 

0 

975 

0 

20 

55 

35 

14,009 

510 

0 

140 

0 

10 

17.350 

6 

021 

Lower  Stillaguamish 

10.340 

0 

1.652 

446 

0 

2.596 

0 

296 

0 

0 

10.263 

50 

0 

384 

0 

571 

26.596 

6 

022 

Church  Creek 

2.177 

0 

215 

150 

0 

1,720 

0 

46 

0 

0 

2,572 

0 

0 

TO 

0 

494 

7.393 

7 

Total 

22.671 

0 

4,734 

661 

0 

6.875 

285 

1.024 

55 

35 

38.653 

898 

0 

659 

0 

2.309 

78.858 

8 

Grand  Total 

22.671 

0 

4.734 

661 

0 

6.875 

285 

1,024 

55 

36 

38.653 

898 

0 

659 

0 

2.300 

78.858 

Deecriptiom  of  tfrainapg  groups  are  found  in  tha  Means  to  Satisfy  Neadi  section  of  the  Area  report. 


Unadiut 


, 1966.  for  Puget  Sound  Area  Study.  Tabulations  by  A DP.  Read  three  significant  figures. 


1 See  Figures  6-1  for  location. 


MEANS  TO  SATISFY  NEEDS 


Population  forecasts  predict  approximately 
77,800  people  in  the  Stillaguamish  Basin  by  2020. 
The  means  used  to  accomplish  the  levels  necessary  to 
meet  the  needs  of  this  expected  population  consist  of 
programs  and  projects  for  protection  and  develop- 
ment of  the  land  and  water  resources  of  this  Basin. 
The  wise  use  and  development  of  these  resources  can 
supply  the  spatial  needs  and  aesthetic  wants  required 
by  a growing  population.  The  needs  as  developed  in 
other  appendices  have  been  considered  in  this  Appen- 
dix as  being  related  to  the  land  and  water  resources  of 
the  Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin’s  resources  to 
achieve  its  potential  production  of  food  and  Tiber  as 
economically  justified,  to  preserve  and  enhance  fish. 


wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices,  to  provide 
for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  5-1  in  Present  Status  indicates  by  sub- 
basin the  present  land  use.  Table  5-6  summarizes  by 
time  periods  the  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 


TABLE  5-6.  Estimated  future  land  usa 


Crop- 

land 

Range- 

land 

Forest1 

1 

O m 3 

! 

It 

1 

Total 

(acres! 

(acres) 

(acres) 

(acres) 

TeSeS 

(acme) 

1980 

34331 

1.016 

385,450 

12330 

4,721 

438.346 

2000 

34.531 

1,016 

385,460 

12,630 

4,721 

436,348 

2020 

35,000 

1,016 

384.644 

12.967 

4,721 

436,348 

1 Includes  non-forettad  land  normally  anociated  with  forest. 

2 Rural  non-farm  It  anumad  to  be  all  urban  by  1980.  Built-up  band  on  arenas  urban  density  of  six  parsons  par  acre. 
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extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  becomes 
practical.  Loss  is  limited  to  tolerable  values  by 
restricting  development  on  hazardous  areas. 

Watersheds  require  varied  combinations  and 
intensities  of  management  according  to  the  capability 
of  the  land  and  its  use.  Programs  are  planned  to 
stabilize  land  and  related  water  and  thus  benefit  most 
functional  uses  of  water.  Special  objectives  for 
improvement  may  be  selected  for  project  purposes. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  satisfaction  of  the 
needs  will  utilize  the  program  and  project  approach, 
as  explained  in  the  Puget  Sound  Area  section.  The 
plan  will  guide  the  development  of  the  resources  of 
the  Stillaguamish  Basin  to  provide  for  spatial  and 
production  requirements  for  the  expected  population 
of  its  service  area  to  the  year  2020.  Floodwater 
prevention  and  low  flow  augmentation  projects 
would  benefit  fish,  wildlife,  and  recreation  areas  on 
the  North  Fork  of  the  Stillaguamish  and  its  tribu- 
taries, Boulder  River  and  Squire,  French,  and  Deer 
Creeks.  Other  streams  that  would  benefit  from  these 
projects  include  Jim.  Pilchuck  and  Portage  Creeks. 

Early  Action  Projects 

Several  projects  will  be  initiated  prior  to  1980 
to  remedy  existing  floodwater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 
continued  use.  Following  are  descriptions  of  projects 
in  the  early  action  plan  as  listed  in  Table  5-7. 

Lower  Stillaguamish  Watershed  Area  0-21, 
Figure  5-1  is  located  on  both  sides  of  the  Stilla- 
guamish River  and  extends  from  the  mouth  to  and 


including  the  city  of  Arlington.  The  flood  plain  of  the 
Stillaguamish  downstream  from  Arlington  is  primarily 
agricultural.  The  other  principal  agricultural  area  is 
the  high  terrace  area  south  and  west  of  Arlington. 
Outside  the  Stillaguamish  flood  plain  most  of  the  area 
is  forest  land.  Pilchuck  Creek  drainage,  in  particular, 
has  extensive  tree  farms  and  Douglas-fir  and  western 
hemlock  are  the  principal  commercial  species.  Some 
of  the  best  red  alder  sites  anywhere  are  found  in  the 
lower  elevations  of  this  watershed.  On  the  uplands  of 
the  lower  watershed  there  are  many  lakes  which  are 
attractive  because  of  their  forest  setting.  The  forest 
situation  in  this  watershed  has  to  be  reviewed  on  the 
basis  of  many  uses  and  intent  of  ownership.  A study 
is  needed  to  evaluate  the  varied  conditions  in  this 
watershed  in  relationship  to  soil  and  water  resources. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  8,522  acres  of  which 
5,578  acres  are  cropland,  1 ,794  acres  are  forest,  872 
acres  rural  non-farm  and  urban,  and  278  acres 
miscellaneous  uses.  Lowlands  should  remain  in  open 
use. 

The  works  of  improvement  will  consist  of  17 
miles  of  improved  and  stabilized  channel,  three  outlet 
structures  consisting  of  floodgates  and  pumps,  and 
one  mile  of  new  reconstructed  dike. 

Installation  cost  is  estimated  to  be  $980,355,  of 
which  the  Federal  share  is  $671,535,  and  the  local 
share  is  $308,820.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  3.2  to 
1 . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $400,365,  drain- 


TABLE  5-7.  Costs  and  benefited  areas,  early  action  projects  recommended  for  installation  by  1980 


Watershed  Area  No. 
And  Name' 

Project 

Area 

Structural 

Measures 

Installation 

Cost3 

Flood- 

water 

Protec- 

tion 

Drainage 

Improve- 

ment 

lacrasl 

(dollars 

(acres) 

(acresl 

0-21  Lower  StillaguamMi  R.3 

8.622 

980.000 

5.547 

5.422 

022  Church  Creek 

8.060 

666.000 

2,732 

4.424 

Total 

16,682 

1.646,000 

8.279 

9.846 

1 Sot  Figure  6-1  for  location. 
3 1967  prices. 

3 Part  of  wetenhed. 
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age  measures  expected  to  cost  $1 ,177,1 70,  and  forest 
protection  and  management  practices  costing 
$37,477,  for  a total  of  $1,615,012.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $2,545,367. 

Church  Creek  Watershed  Area  0-22.  Figure  5-1 
is  located  in  northwest  Snohomish  County  and 
includes  the  city  of  Stanwood.  The  stream  outlets 
into  both  Skagit  Bay  and  Port  Susan  Sound.  The 
lower  portion  of  the  watershed  can  be,  and  occasion- 
ally is,  flooded  by  either  the  Skagit  River  or  the 
Sti!!aguamish  River  in  addition  to  flooding  from 
heavy  precipitation  falling  within  the  area.  Flooding 
and  drainage  arc  also  problems  on  the  uplands. 

The  upland  area  has  over  50  percent  forest  land 
in  scattered  tracts.  Many  of  these  have  been  logged, 
relogged,  and  cleared  of  wood  until  only  a stand  of 
native  brush  remains.  The  principal  species  are  mixed 
stands  of  Douglas-fir  and  red  alder,  with  some 
western  hemlock,  western  red  cedar,  and  big  leaf 
maple.  This  upland  country  offers  the  best  homesites 
and  where  wood  fiber  is  not  the  main  interest  to  the 
owner,  measures  should  be  advocated  which  improve 
the  landscape  and  safeguard  the  water  and  wildlife 
resources. 

The  project  is  feasible  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  8,060  acres  of  which 
4,431  ares  are  cropland,  1 ,706  acres  are  forest,  1 ,467 
acres  rural  non-farm  and  urban,  and  456  acres 
miscellaneous  uses. 

The  works  of  improvement  will  consist  of  8 
miles  of  improved  and  stabilized  channel,  three  outlet 
structures  consisting  of  floodgates  and  pumps,  and  1 
mile  of  new  and  reconstructed  dike. 

Installation  cost  is  estimated  to  be  $664,695,  of 
which  the  Federal  share  is  $477,470,  and  the  local 
share  is  $186,955.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  3.1  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year  period 
local  interests  will  install  necessary  land  treatment 
measures  for  erosion  control  and  flood  management, 
costing  approximately  $318,038,  drainage  measures 
estimated  to  cost  $849,494,  and  forest  protection 
and  management  practices  costing  $35,639,  for  a 
total  of  $1,203,171.  The  total  cost  of  installing  the 
structural  measures  and  the  land  treatment  measures 
is  $1 ,867,866. 

Projects  after  1980 

Projects  for  the  years  1980-2000  and 


2000-2020  are  shown  in  Table  5-8  with  their  expec- 
ted costs.  Benefits  and  benefit-cost  ratios  have  not 
been  computed  past  1980.  Total  installation  costs  are 
expected  to  be  $6,930,000. 

TABLE  5-8.  Costs  of  projects  recommended  for 
installation  after  1980. 


Struc.  Meas. 

Watershed  Area  No.  Project  Installation 

and  Name'  Area  Cost^ 


(acres) 

(dollars) 

1980-2000 

0-20  Pilchuck  Creek 

0-21  Lower  Stillaguamish  River 

0-22  Church  Creek 

48,809 

29,492 

8,060 

300,000 

4,320,000 

1,000.000 

Total 

86,361 

5,620,000 

2000-2020 

0-17  North  Fork  Stillaguamish 
0-18  South  Fork  Stillaguamish 
0-19  Jim  Creek 

180,594 

128,843 

29.307 

860,000 

350.000 

100.000 

Total 

338,744 

1,310,000 

* See  Figure  5-1  for  location 
^ 1967  prices. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  5-9  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 

Summary  of  Costs 

Costs  for  the  Stillaguamish  Basin  plan  (project 
costs  plus  program  costs,  rounded  to  the  nearest 
thousand  dollars)  are  expected  to  be  $30,338,000  for 
the  early  action  programs;  $35,100,000  for  the  years 
1980-2000;  and  $29,857,000  for  the  years  2000 
through  2020.  Total  cost  of  the  plan  will  be 
$95,295,000.  See  page  2-89  et  seq.;  also  page  2-95, 
Table  2-20,  for  further  information  on  costs. 
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TABLE  5-9.  Watershed  management  practices  for  protection  and  development,  by  time  periods,  Stillaguamish 
Batin 


Practice 

A rea 

Cost1 

(acres) 

(thousands  of  dollars) 

First  15  Years 

Technical  assistance  & management 

420.9972 

7,435 

Federal,  regular 

7,377 

Federal,  accelerated 

58 

Installation  of  practices  (non-Federal) 

21,258 

State  & corporate  management 

5,325 

Land  treatment 

245,816 

3,524 

Water  management 

13,541 

4,814 

Urban  drainage 

5,626 

7,595 

Total 

28,693 

1980-2000 

Technical  assistance  & management 

420, 9972 

9,891 

Federal,  regular 

9,776 

Federal,  accelerated 

115 

Installation  of  practices  (non-Federal) 

18,589 

State  & corporate  management 

7,100 

Land  treatment 

245,816 

*4,339 

Water  management 

9,027 

*2,925 

Urban  drainage 

3,870 

*5,225 

Total 

29,480 

2000-2020 

Technical  assistance  & management 

420.6602 

8,108 

Federal,  regular 

7,993 

Federal,  accelerated 

115 

Installation  of  practices  (non-Federal) 

20,439 

State  & corporate  management 

7,100 

Land  treatment 

245,473 

*4,338 

Water  management 

13,330 

*4,315 

Urban  drainage 

3,471 

*4,686 

Total 

28,547 

1 Base.  1967  prices,  except  items  asterisked  which  are  1967  adjusted  normalized  prices.  See  page  2-89  et  seq.  for  further 
explanation  of  costs. 

2 T otal  acres  in  basin  involved  in  program  measures. 
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WHIDBEY-CAMANO  ISLANDS 


The  Whidbey-Camano  Islands  study  area  is 
comprised  of  all  of  Island  County.  Island  County  is 
located  at  the  northern  end  of  Puget  Sound,  off  the 
coast  of  Skagit  and  Snohomish  Counties. 

Two  large  islands  and  three  small  islands  com- 
bine to  form  the  Whidbey-Camano  Islands  study  area. 

PRESENT 


The  major  islands  are  Whidbey,  the  largest  and  most 
important,  draining  an  area  of  169  square  miles,  and 
Camano  draining  an  area  of  40  square  miles.  The 
three  smaller  islands  are  Ben  Ure,  Strawberry,  and 
Smith. 


STATUS 


In  1963  the  population  was  19,900,  and  projec- 
tions of  population  indicate  that  by  1980  it  will  be 
26,900;  by  2000,  36,200;  and  by  the  year  2020  will 
reach  49,500.  Population  density  at  the  present  time, 
figured  on  rural  and  non-farm  lands,  is  0.85  people 
per  acre. 

Farming  is  concentrated  largely  in  the  northern 
half  of  Whidbey  Island.  Shifts  in  land  use  have  not 
been  extreme.  The  raising  of  beef  cattle  has  more  or 
less  replaced  dairying.  The  raising  of  hay,  wheat,  oats, 
vegetables,  and  other  specialized  crops  is  highly 
important  in  the  Areas’  economy.  The  total  number 
of  farms  and  acreage  has  decreased  with  lands 
formerly  cropped  being  taken  over  by  the  military 
and  naval  sites.  Total  value  of  farm  production  in  the 
Whidbey-Camano  Islands  is  almost  $3  million  annual- 
ly- 

Forests  are  the  largest  use  of  the  land  in  the 
Islands.  Lumbering  is  a significant  factor  in  the 
economy  of  the  Islands.  Forested  lands,  including 
associated  open  areas,  comprise  84,000  acres. 

Lumbering,  farming,  recreation,  and  the  mili- 
tary establishments  form  the  base  of  the  Area’s 
economy.  There  are  no  large  industrial  establishments 
on  the  Islands.  Most  forest  and  cropland  products  are 
processed  elsewhere. 

The  economy  of  the  Islands  is  directly  benefit- 
ted  by  the  commercial  and  sport  fisheries  for  salmon 
throughout  the  marine  waters.  The  streams  of  the 
Islands  support  only  minor  populations  of  anadro- 
mous  fish. 

The  numerous  sheltered  bays  and  extensive  salt 
water  shoreline  provide  ideal  resting  areas  for  winter- 
ing waterfowl.  The  low  rainfall  and  mild  climate  are 
particularly  beneficial  to  the  production  and  survival 
of  upland  game.  Fur-bearing  animal  populations  are 
somewhat  limited  although  varying  numbers  of 
beaver,  muskrat,  mink,  etc.  are  present.  The  only  big 


game,  and  by  far  the  most  important  game  species  in 
the  Islands,  is  the  black-tailed  deer. 

The  Islands  provide  an  outstanding  environ- 
ment for  recreation  and  a base  for  salt  water  fishing 
and  other  outdoor  activities.  Their  extensive  shore- 
lines and  excellent  beaches,  resorts,  pleasant  roads, 
charming  towns  and  older  buildings,  historic  sites, 
large  naval  installations  at  Ault  Field  and  Oak  Harbor, 
and  spectacular  Deception  Pass  attract  many  visitors. 
In  addition  the  favorable  climate  is  attractive  to 
recreationists. 

Because  the  Islands  lie  in  the  rain  shadow  of  the 
Olympic  Mountains,  generally  less  than  20  inches  of 
precipitation  falls  annually,  and  there  is  virtually  no 
accumulation  of  snowpack.  Because  of  small  amounts 
of  precipitation  and  small  size  of  stream  basins, 
surface  runoff  is  scanty  and  many  streams  flow  only 
intermittently. 

Sediment  problems  occur  in  only  a few  local- 
ized areas  where  construction  or  farming  have  resul- 
ted in  erosion  owing  to  the  temoval  of  vegetation.  A 
profuse  cover  of  vegetation  generally  precludes  exces- 
sive erosion  during  periods  of  intensive  rain. 


PRESENT  LAND  USE 

The  Whidbey-Camano  Islands  study  area  pro- 
vides the  second  smallest  valley  system  in  the  Puget 
Sound  Area.  It  drains  a total  area  of  only  210  square 
miles.  Drainage  is  accomplished  by  minor  streams 
that  flow  directly  into  Puget  Sound.  The  system 
includes  several  flood  and  drainage  problem  areas 
which  require  corrective  measures  before  their  poten- 
tial can  be  attained.  Most  of  the  land  is  generally 
undulating  to  gently  rolling,  although  there  are  a few 
slopes  steeper  than  15  percent  (see  Figure  6-1).  The 
\ 
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FIGURE  6-1 


ownership  distribution  of  the  Islands’  lands  are  shown 
on  Figure  6-2. 

The  broad  categories  of  land  use  are  given  in 
Table  6-1  which  follows.  No  attempt  is  made  here  to 
quantify  multiple-use  management  of  lands  such  as 
for  game  habitat,  recreation,  water  quality,  or  low 
flow  augmentation. 

SOILS 

The  mapping  units  are  discussed  in  the  soil 
survey  report  for  Island  County  and  their  locations 
are  shown  on  maps.  The  soil  survey  report  is  available 
iu  libraries  and  in  local  offices  of  the  United  States 
Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  133,000  acres  in  the 
Whidbey-Camano  Islands  has  been  mapped  by  a 
medium-intensity  soil  survey.  Of  the  133,000  acres, 
125,200  acres  are  classified  in  Land  Capability  Classes 
II  through  VI,  3,400  acres  are  in  Class  VII,  and  4,400 
acres  in  Class  VIII.  Lands  in  Land  Use  Capability 
Classes  II  through  VI  (125,100  acres)  have  the 
greatest  potential  for  development;  ie.,  changed  use 
or  improved  use.  Land  Use  Capability  Classes  II,  III 
and  IV  may  be  suited  for  either  crops  or  urban  uses, 
and  Class  VI  has  potential  for  urban  development. 
Most  of  the  Class  II  and  Class  III  lands  in  these 
Islands  are  subject  to  flooding  and  have  wetness 


conditions  which  present  hazards  for  many  developed 
uses.  Class  VII  is  expected  to  be  largely  limited  to 
forest  use  and  Class  VIII  for  recreation  or  aesthetic 
use  (Figure  6-3). 

The  soil  types  in  the  Area  having  a medium- 
intensity  survey  have  been  classified  into  land  capa- 
bility classes  and  their  primary  and  secondary  sub- 
classes, and  capability  units  (see  Exhibit  1,  Tables  9 
and  10). 


TABLE  6-1.  Present  land  use  by  sub-basin  1 


Land  Use 

Whidbey-Camano 

Islands 

Total 

(acres! 

(acres) 

Cropland 

23,006 

23.006 

Rangeland 

2,464 

2,464 

Forest^ 

84.069 

84.069 

Rural  non-farm 

12,419 

12.419 

Urban  built-up 

10.967 

10,967 

Fresh  water 

US 

719 

Total 

133.664 

133.664 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study.  Tabulations  by  A DP.  First  three  figures  are  significant 
figures  for  acreages. 


^ Includes  non-fore  sted  lend  normally  aeaociated  with  forest 

Tables  6-2  and  6-3  which  follow  give  a tabula- 
tion of  capability  subclasses  and  specific  wetness 
conditions  for  surveyed  lands  in  the  Islands. 
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troiion  or  p«»!  erosion  damage,  sediMnt  source.  LOCATION  MAP 

w-Wetness,  poor  drained  or  overflow. 

s-Shal lowness , stoniness  or  low  moisture-holding  capacity,  etc 


TABLE  6-2.  Land  conditions  by  capability  ciassss  in  Whidbcy-Camano  Islands  (in  acres) 1 


*■*  ' 

SubclMMt2 

Class 

Claes  e 

* 

t 

•w 

N 

WM 

WS 

» 

WN 

Total 

II 

4.796 

661 

6.447 

III 

166 

6.073 

6.229 

IV 

1,631 

49.777 

728 

7,320 

2.340 

336 

62.028 

V 

0 

VI 

19,179 

12,146 

11,641 

502 

7.972 

61,439 

VII 

3.416 

3,416 

VIII 

676 

2,042 

1.659 

4,376 

TOTAL 

21.386 

64.120 

16.782 

20,360 

10,312 

966 

132.936 

1 Unadiuited  measurements,  1966.  for  Puget  Sound  Anc  Study,  based  on  Net  ton  el  Cooperative  Soil  Survey  maps.  First  three 
figures  are  significant  figures  for  acreages. 


2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e-erosion;  w-wetneas;  s-aoil. 


TABLE  6-3.  Land  with  wetness  condition  by  capa- 
bility classes.  Whid bey-Cam ano  Islands  (in  acres) 1 


All  land  in  islands 

Cropland  in  islands 

Cropland 

Land 

Total 

With 

With 

Capability 

All 

Wetness 

Total 

Wetness 

Classes 

Land 

Condition 

Cropland 

Condition 

lest) 

lest) 

II 

6,447 

6,447 

6,176 

6,176 

III 

6.229 

6.229 

5.126 

5,126 

IV 

62.028 

5 

r** 

ID 

12.706 

, 11.373 

Subtotal 

73.704 

69,108 

23.006 

21,673 

V 

0 

0 

0 

0 

VI 

61.439 

12,647 

0 

0 

VII 

3.416 

0 

0 

0 

VIII 

4.376 

3.701 

0 

0 

Subtotal 

69.231 

16,348 

0 

0 

TOTAL 

132,936 

86.466 

23,006 

21,673 

1 Unadjusted  measurements.  1966,  for  Puget  Sound  Ares 
Study,  bated  on  National  Cooperative  Soil  Survey  maps.  First 
three  figures  significant  for  acreages. 


PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

In  the  Whidbey-Camano  Islands  three  broad 
categories  of  needs  protection  from  floodwater  dam- 
age, measures  for  watershed  protection  and  rehabilita- 
tion, and  measures  for  water  management -are  pre- 
sent in  varying  degrees  of  intensity  according  to  land 
use.  About  23,006  acres  are  now  used  for  cropland; 
84,069  acre;  are  in  forest  (including  some  areas  of 
non-foresteu  land);  2,454  acres  are  in  rangeland;  and 
23,406  acres  are  in  more  intensive  uses.  According  to 
Appendix  VII,  Irrigation,  2,700  acres  were  under 
irrigation  in  these  Islands  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  of  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-1 8 and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

Although  the  Islands  are  expected  to  increase  in 
population,  this  increase  will  not  be  rapid  enough  to 
necessitate  any  early  action  projects.  All  projects  for 
flood  prevention  and  drainage  will  occur  in  later  time 
periods  as  the  need  develops.  A summation  of  these 
projects  can  be  found  in  the  Means  to  Satisfy  Needs 
section  of  these  Islands. 

Only  small  amounts  of  urban  expansion  are 
expected  to  take  place  in  the  Whidbey-Camano 
Islands.  The  estimated  number  of  acres  by  land  use 
that  will  require  protection  and  development  mea- 
sures by  the  years  1980,  2000,  and  2020  are 
tabulated  in  Table  6-4.  Any  acre  may  require  more 
than  one  of  these  practices. 


TABLE  6-4.  Future  needs  for  watershed  manage- 
ment 1 


Year 

F loodweter 
Damage2 
Reduction2 

Watershed 
Protection  h 
Rehab.2 

Drainage 

Improve- 

ment2 

Irrigation 

Develop-2 

ment* 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

I960 

20.000 

24,960s 

8.632 

3,500 

2000 

20.000 

24,210s 

14,387 

5.000 

2020 

20.000 

22.454s 

19.182 

10,000 

Intensive  Land  Use 
I960  4,560 

23,406 

23.406 

0 

2000 

4.560 

23.406 

23,406 

0 

2020 

4,560 
i ,^7 

23.406 

23,406 

0 

1980 

0 

84,069 

0 

0 

2000 

0 

84,069 

0 

0 

2020 

0 

84.069 

0 

0 

Unrla^ijfiad  Land 
I960  0 

500 

0 

0 

2000 

0 

1,250 

0 

0 

2020 

0 

3,006 

0 

0 

1 Acreages  derived  by  map  measurements  and  A DP  tabula- 
tion for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

o 

Includes  overbank  flooding  of  main  streams. 

2 Naaded  for  full  agricultural  development  (see  Appendix  V, 
Water-Related  Land  Resources,  chapter  2,  Agriculture). 

According  to  Appendix  VII,  Irrigation,  there  were  2,700 
acres  (using  7,386  acre  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  protections  show  that  irrigation  will 
decline  in  future  years  in  the  Islands. 

5 Includes  2,454  acres  of  rangeland 

6 Does  not  agree  with  Table  6-3  due  to  land  use  changes 
during  time  lapse. 

7 Includes  some  non-forested  land  commonly  aseociated 
with  forests. 


Table  6-5  shows  drainage  groups  in  the  water- 
shed of  the  Whidbey-Camano  Islands,  with  the 
acreage  of  land  falling  into  each  drainage  group.  From 
this  and  other  data  the  drainage  needs  for  expected 
land  uses  in  the  Islands  are  derived. 
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TABLE  6-5.  Drainage  groups  in  Whidbey-Camano  Islands1  (in  acres)2 


L 

1 

N 

E 

Watershed 

Area 

No3 

R iver  Basins 
end 

Watersheds 

01 

02 

03 

04 

06 

06 

07 

06 

09 

10 

11 

1? 

13 

14 

15 

16 

Total 

Puget  Sound  Drainages 

1 

& 16 

North  Island 

1.209 

2,313 

858 

0 

0 

1.076 

0 

0 

1.982 

0 

16.259 

796 

0 

193 

0 

101 

24.787 

2 

0-23 

Camano  Island 

816 

54 

83 

0 

0 

445 

0 

0 

725 

2.800 

12.343 

178 

0 

0 

0 

316 

17.760 

3 

a24 

Central  Island 

461 

1.431 

99 

0 

0 

367 

0 

0 

1.837 

0 

13.828 

103 

0 

772 

0 

944 

19,832 

4 

a 26 

South  Island 

964 

0 

969 

0 

0 

1.226 

0 

0 

297 

0 

18.985 

356 

0 

165 

0 

126 

23.077 

5 

Total 

3.450 

3.796 

2.009 

0 

0 

3.103 

0 

0 

4.841 

2,800 

61.416 

1.433 

0 

1.120 

0 

1.487 

86.466 

6 

Grand  T otai 

3.460 

3.798 

2.009 

0 

0 

3.103 

0 

0 

4.841 

2.800 

61.415 

1.433 

0 

1,120 

0 

1.487 

86.466 

1 Dev  iptionj  of  drainage  groups  arc  found  in  the  Meant  to  Satisfy  Needs  section  of  the  Area  report 

2 Unadjusted  measurements  1966.  for  Puget  Sound  Area  Study.  Tabulations  by  A DP  Read  three  significant  figures. 

3 See  Figure  6-1  for  location. 


MEANS  TO  SATISFY  NEEDS 


Projections  indicate  that  by  the  year  2020, 
49,500  people  will  reside  in  the  Whidbey-Camano 
Islands.  The  means  to  be  used  to  achieve  the  levels 
necessary  to  meet  the  needs  of  this  expected  popula- 
tion consist  of  programs  and  projects  for  protection 
and  development  of  the  land  and  water  resources 
found  herein.  The  wise  use  and  development  of  these 
resources  can  supply  the  spatial  needs  and  aesthetic 
wants  of  the  growing  population  in  these  Islands.  The 
needs  as  developed  in  other  appendices  have  been 
considered  in  this  Appendix  as  related  to  the  land  and 
water  resources  of  the  Islands. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Islands’  resources  to 
achieve  their  potential  production  of  food  and  fiber 
as  economically  justified;  to  preserved  and  enhance 
fish,  wildlife,  and  recreation  values  in  accord  with  the 
Fish  and  Wildlife,  and  Recreation  Appendices,  to 
provide  for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 


keeping  with  aesthetic  qualities  of  the  area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 


Land  Use 

Table  6-1  in  Present  Status  indicates  present 
land  use.  Table  6-6  summarizes  by  time  periods  the 
estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  is  practical. 
Loss  is  limited  to  tolerable  levels  by  restricting 
intensive  use  of  land  in  hazardous  areas,  followed  by 
feasible  damage  prevention  and  enhancement  mea- 
sures for  suitable  use. 


TABLE  6-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest1 

Urban 

Built- 

up2 

Fresh 

water 

Misc. 

Use?5 

Total 

(acres) 

(acres) 

(acres) 

(acred 

(acres) 

(acres) 

(acres) 

1980 

22.806 

2,464 

84,069 

23,406 

719 

500 

133,654 

2000 

21,766 

2,464 

84,069 

23,406 

719 

1,260 

133,864 

2020 

20,000 

2,464 

84,069 

23,406 

719 

3,006 

133.664 

1 Includes  non-forested  land  normally  associated  with  forest. 


2 Rural  non-fram  is  assumed  to  all  urban  by  1980.  Built-up  bated  on  average  urban  density  of  six  persons  per  acre. 

3 Unspecified  uses,  including  land  in  transitional  usage. 


PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  satisfaction  of  the 
needs  as  brought  out  in  the  Needs  discussion  will 
utilize  the  program  and  project  approach,  as  ex- 
plained in  the  Puget  Sound  Area  section.  The  plan 
will  guide  the  development  of  the  resources  of  the 
Whidbey-Camano  islands  to  provide  for  spatial  and 
production  requirements  for  the  expected  population 
of  its  service  area  to  the  year  2020.  The  Islands  offer 
opportunities  for  projects  and  programs  that  could 
maintain  and  increase  Osh  and  wildlife  production.  In 
addition,  a number  of  opportunities  exist  for  develop- 
ment of  facilities  to  meet  increased  recreation  de- 
mands. No  projects  are  deemed  necessary  until  after 
1980  in  these  Islands. 

Projects  after  1980 

Several  projects  will  be  initiated  in  the 
1980-2000  time  period  to  remedy  existing  floodwater 
and  drainage  problems  and  to  develop  lands  toward 
their  potential  for  continued  use.  Benefits  and  bene- 
fit-cost ratios  have  not  been  computed  for  projects 
past  1980.  Table  6-7  shows  brief  summaries  of 
projects  included  in  this  plan: 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  6-8  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 

Summary  of  Costs 

Costs  for  the  Whidbey-Camano  Islands  plan 
(project  costs  plus  program  costs,  rounded  to  the 
nearest  thousand  dollars)  are  expected  to  be 
$16,266,000  for  the  first  fifteen  years,  $21 .657,000 
for  the  years  1980-2000,  and  $19,642,000  for  the 
years  2000  through  2020.  Total  cost  of  the  plan  will 
be  $57,565,000.  See  page  2-89  et  seq.  for  further 
explanation  of  costs. 


TABLE  6-7.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No. 
and  Name1 

Protect 

Area 

Installation 

Costs2 

(acres) 

(dollars) 

0-16  North  Island 

40.472 

1,300,000 

0-23  Camano  Island 

25,264 

375.000 

0-24  Central  Island 

30,310 

800.000 

&25  South  Island 

36.889 

770.000 

Total 

132,935 

3,245,000 

1 See  Figure  6-1  for  location. 

2 1967  prices. 


TABLE  6-8.  Watershed  management  poetic**  for  protection  and  development,  by  time  periodt,  Whidbey- 
Camano  Islands 


Practice 

AfM 

Costs1 

(acres) 

(thousand  of  dollars) 

First  15  Years 

Technical  assistance  ft  manunement 

109.5292 

1,117 

Federal,  regular 

1,117 

Federal,  accelerated 
Installation  of  practices  (non-Federal) 

0 

15.149 

State  A corporated  management 

1,124 

Land  treatment 

107,075 

1,969 

Water  management 

8,632 

1,523 

Urban  drainage 

7,802 

10,533 

Total 

16,266 

1980-2000 


T echnical  assistance  ft  management 

109.5292 

1,624 

Federal,  regular 

1,553 

Federal,  accelerated 
Installation  of  practices  1 non-Federal) 

71 

16,788 

State  ft  corporate  management 

1,498 

Land  treatment 

107,075 

*2.625 

Water  management 

10,550 

*2,566 

Urban  drainage 

7,481 

*10,099 

Total 

18,412 

vmjsof) 

Technical  assistance  ft  management 

109.5292 

1.553 

Federal,  regular 

1,553 

Federal,  accelerated 
Installation  of  practices  (non-Federal) 

0 

18.089 

State  & corporate  management 

1,498 

Land  treatment 

107,075 

•2,625 

Water  management 

5,000 

*3,000 

Urban  drainage 

8,123 

*10,966 

Total 

19,642 

I Ban:  1967  prices,  except  items  asterisked  which  ere  adjusted  normalized  prices  (See  page  2-89  et  seq.) 


2 Total  acres  in  Islands  involved  in  program  measures. 
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SNOHOMISH  BASIN 


The  Snohomish  Basin  is  located  in  southern 
Snohomish  County  and  in  northeastern  King  County. 
Approximately  half  of  the  Basin  is  located  in  each  of 
the  two  counties. 

The  Snohomish  is  one  of  the  larger  rivers  in  the 
Puget  Sound  Area.  It  drains  an  area  of  1 ,823  square 


miles.  The  principal  tributaries  are  the  Snoqualmie 
River,  located  in  King  County  and  draining  an 
important  agricultural  area,  and  the  Skykomish  River, 
located  mainly  in  southern  Snohomish  County.  Coas- 
tal waters,  which  flow  directly  into  Puget  Sound, 
drain  an  area  of  81  square  miles. 


PRESENT  STATUS 


In  1963  the  population  was  178,200;  and 
projections  indicate  that  by  1980  the  population  will 
be  302,700;  by  2000, 485,800;  and  by  the  year  2020 
will  reach  780,300.  Population  density  at  the  present 
time,  based  on  urban  and  rural  non-farm  lands,  is 
2.71  people  per  acre. 

Forestry  and  farming  remain  the  main  users  of 
land  in  the  Basin.  Although  considerable  quantities  of 
egetables  and  berries  are  produced  in  the  region, 
approximately  three-fourths  of  the  cropland  is  used 
to  support  the  livestock  industry.  Total  value  of  farm 
production  is  over  SI 2 million  annually. 

Forestry  remains  a major  industry  in  the  Basin 
and  supports  numerous  mills,  including  several  lum- 
ber mills,  pulp  mills,  and  paper  manufacturing  mills. 
Forested  lands  comprise  approximately  1,055,000 
acres,  including  associated  open  lands. 

The  manufacturing  of  paper  products  has  been 
the  principal  industry,  but  transportation  equipment 
will  likely  take  first  place.  Other  important  industries 
include  lumbering,  fanning,  food  processing,  fishing 
and  mining.  Recreation,  including  hunting,  fishing, 
camping,  and  skiing  plays  an  ever  increasing  role  in 
the  economy  of  the  Basin. 

The  Snohomish  River  and  its  tributaries  sup- 
port major  runs  of  salmon  that  contribute  signifi- 
cantly to  the  commercial  and  sport  fisheries  within 
the  Puget  Sound  Area,  Strait  of  Juan  de  Fuca,  and 
the  Pacific  Ocean.  The  economy  of  the  Area  benefits 
from  the  fishery  resource  produced  from  the  Snoho- 
mish Basin. 

Many  types  of  wildlife  inhabit  the  Snohomish 
Basin.  The  Snohomish  flood  plain  is  an  important 
waterfowl  wintering  area.  One  or  more  of  the  varied 
species  of  upland  game  inhabit  virtually  every  habitat 
type.  Fur -bearing  animals  are  found  along  streams 
and  near  swampy  areas.  Big  game  is  an  important 


consideration  in  the  wildlife  inventory  as  a large  part 
of  the  Basin  is  in  some  form  of  woodland  cover. 

Water-based  recreation  resources  include  about 
50  miles  of  shoreline  on  Puget  Sound,  numerous 
lakes,  rivers,  and  small  streams.  The  eastern  half  of 
the  Basin  contains  many  attractive,  small,  high- 
elevation  lakes.  Other  recreation  attractions  include 
the  mountainous  areas  of  the  Cascade  Range  which 
contain  about  1 04,000  acres  of  alpine  and  sub-alpine 
terrain  and  a large  section  of  the  Glacier  Peak 
Wilderness  Area.  There  are  large  winter  sports  devel- 
opments at  Stevens  and  Snoqualmie  Passes. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  III,  Hydrology. 

Some  unfavorable  conditions  of  stream  and 
river  channels  in  the  basin  are  partly  the  result  of 
nearly  a century  of  exploitation  by  man  with  only 
the  last  few  years  devoted  to  efforts  to  protect  and 
rehabilitate  the  environment.  Streambank  erosion  is 
severe  during  periods  of  high  runoff  in  areas  where 
sediment  and  debris  reduce  channel  capacity . 

Sediment  is  being  dredged  from  the  Everett 
harbor  area.  This  sediment  is  largely  the  result  of 
bedload  movement  during  periods  of  high  runoff. 
Small  slides  on  several  of  the  tributary  streams 
contribute  to  the  sediment  being  deposited. 

A project  on  French  Creek,  Watershed  Area 
number  8-2,  has  been  completed  and  one  at  Marsh- 
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land,  Watershed  Area  number  8-5,  is  underway.  Both 
projects  are  largely  for  floodwater  reduction  and 
drainage  control  (see  Figure  7-1). 


PRESENT  LAND  USE 

The  Snohomish  Basin  provides  the  third  largest 
valley  system  in  the  Puget  Sound  Area.  The  system 
includes  many  flood  and  drainage  problem  areas 
which  require  corrective  measures  before  their  poten- 
tial can  be  attained.  The  lower  flood  plain  contains 
about  60,000  acres  of  level  or  gently  undulating  river 
bottom  lands  and  tidelands.  A large  percentage  of  the 
Basin  contains  steep,  mountainous  valleys  with  turbu- 
lent streams. Below  the  juncture  of  the  Snoqualmie 
and  Skykomish  Rivers,  the  valley  drops  almost  to  sea 
level  and  widens  to  a flat,  fertile  plain  as  much  as  3 
miles  wide  and  17  miles  long  (see  Figure  7-1).  The 
ownership  distribution  of  the  Basin’s  lands  are  shown 
on  Figure  7-2 

The  broad  categories  of  land  use  are  given  in 
Table  7-1.  No  attempt  is  made  here  to  quantify 
multiple-use  management  of  lands  such  as  for  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. 

TABLE  7-1.  Present  land  use  by  sub-basin1 


Land  Use 

Snohomish 

Basin 

Coastal 

Waters 

Total 

(acres) 

(acres) 

(acres) 

Cropland 

71,077 

675 

71,752 

Rangeland 

2.379 

45 

2,424 

Forest2 

1,022.323 

32,376 

1,054,699 

Rural  non-farm 

25.655 

3,705 

29,360 

Urban  built-up 

22,233 

14,122 

36,355 

Fresh  water 

22,716 

1,145 

23.861 

Total 

1.166.383 

52,068 

1,218,451 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study.  Tabulations  by  ADP.  First  three  figures  are  significant 
figures  for  acreages. 

2 Includes  non-forested  land  normally  associated  with  forest. 


SOILS 

A medium  intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  boundaries. 
Lands  within  the  national  forests  were  mapped  from 
a reconnaissance-type  survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Snohomish  and  King  Counties  and 
their  locations  are  shown  on  maps.  The  soil  survey 
report  is  available  in  libraries  and  in  local  offices  of 
the  United  States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  1,194,600  acres  in  the 
Snohomish  Basin  had  a medium  intensity  survey  on 
660,800  acres  and  a low-intensity  survey  on  533,800 
acres.  Of  the  660,800  acres,  379,000  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
276,700  acres  are  in  Class  VII,  and  5,100  acres  in 
Class  VIII  (Figure  7-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (287,500  acres)  have  the  greatest  potential  for 
development:  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III.  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  this  Basin  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VIII  for  recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  7-2  and  7-3  which  follow  give  a tabula- 
tion of  capability  subclasses  and  specific  wetness 
conditions  for  surveyed  lands  in  this  Basin. 
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TABLE  7-2.  Land  condition*  by  capability 


in  Snohomish  Basin  (in  acras) 1 


Subclasses2 

Class 

Total 

Class 

• 

w 

s 

ew 

es 

we 

ws 

se 

9 W 

II 

286 

51.341 

51,627 

III 

4,454 

12,562 

1,427 

26,990 

1,093 

46,516 

IV 

16,689 

126,415 

4,946 

3,594 

2,212 

823 

163,679 

V 

911 

911 

VI 

33,046 

26,566 

21,589 

4,096 

41,017 

126,313 

VII 

2,430 

273,721 

502 

276,663 

VIII 

306 

289 

4,477 

5,071 

TOTAL 

57,209 

164,822 

301,683 

91,911 

43,229 

1,916 

660,770 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps.  F irst  three 
figures  are  significant  figures  for  acreages.  Does  not  include  land  within  national  forests. 

2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e— erosion;  w— wetness:  s-soil. 


TABLE  7-3.  Land  with  wetness  condition  by  capa- 
bility classes  Snohomish  Basin  (in  acres)1 


All  land  in  basin2 

Cropland  in  basin 

Cropland 

Land 

Total 

With 

- 

With 

Capability 

All 

Wetness 

Total 

Wetness 

Classes 

Land 

Conditions 

Cropland 

Condition 

(estl 

(est.) 

II 

51,627 

51,341 

49,046 

48,774 

III 

46,516 

40,636 

13,486 

8,744 

IV  _ 

163.679 

129.832 

9,220 

6,789 

Subtotal 

261,822 

221,808 

71,762 

63,307 

V 

911 

911 

0 

0 

VI 

126,313 

30,662 

0 

0 

VII 

276,663 

602 

0 

0 

VIII 

6.071 

4,766 

0 

0 

Subtotal 

408,948 

36,841 

0 

0 

TOTAL 

660,770 

268.649 

71,762 

63,307 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study,  based  on  National  Cooperative  Soil  Survey  maps.  First 
three  figures  are  significant  figures  for  acreages. 

2 Does  not  include  land  in  national  forests. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

During  recent  years  there  has  been  a very  high 
rate  of  population  immigration  to  the  southwestern 
part  of  the  Snohomish  Basin.  This  immigration  is 
expected  to  continue  for  some  time.  The  bottom 
lands  of  the  Basin  are  still  largely  in  cropland  and 
should  remain  as  such.  In  the  Snohomish  Basin  three 
broad  categories  of  needs  protection  from  flood- 
water  damage,  measures  for  watershed  protection  and 
rehabilitation,  and  measures  for  water  management- 
are  present  in  varying  degrees  of  intensity  according 
to  land  use.  About  71,752  acres  are  devoted  to 
cropland  use  at  the  present  time;  1 ,054,699  acres  are 
in  forest  (including  some  areas  of  non-forested  land); 
2,424  acres  are  classed  as  rangeland;  and  65,715  acres 
are  in  more  intensive  uses.  According  to  Appendix 
VII,  Irrigation,  12,800  acres  were  under  irrigation  in 
1966. 


ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  and  other  land 
and  water  needs,  makes  it  necessary  to  initiate  an 
early  action  program  of  development  to  avoid  costly 
misuse  of  the  land  resource.  An  obvious  need  in  this 
Basin  is  for  improved  floodwater  damage  reduction 
on  the  Snohomish,  Snoqualmie,  and  Skykomish  River 
flood  plains  as  described  in  Appendix  XII,  Flood 
Control,  and  for  flood  prevention  and  drainage 
facilities  to  be  installed  on  two  watersheds  considered 


TABLE  7-4.  Future  needs  for  watershed  manage- 
ment 1 


Year 

F loodwater 
Damage? 
Reduction"* 

Watershed 
Protection  8i 
Rehab."* 

Drainage 
1 improve- 
ment"* 

1 rrigation 
Develop-"* 

A 

ment’ 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

57,532 

68,424"* 

25,718 

24,000 

2000 

57,532 

66,424** 

42,863 

30,000 

2020 
1 ntensive 

57,532 
Land  Use 

62,424 

57.1506 

48.000 

1980 

8,100 

65,715 

65,715 

0 

2000 

8,100 

80,967 

80,967 

0 

2020  8.100 
Forested  Land? 

130,050 

130,050 

0 

1980 

0 

1,064,699 

0 

0 

2000 

0 

1,047,199 

0 

0 

2020  0 
Unclassified  Land 

1,002,116 

0 

103.100® 

1980 

0 

5,752 

0 

0 

2000 

0 

0 

0 

0 

2020 

0 

0 

0 

0 

1 Acreages  derived  by  map  measurements  and  A DP  tabu- 
lation for  the  PSStAW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

2 

I ncludes  overbank  flooding  of  main  streams. 

n 

Needed  for  full  agricultural  development  (see  Appendix  V, 
Water-Related  Land  Resources,  chapter  2.  Agriculture. 

* According  to  Appendix  VII,  Irrigation,  there  were  12,800 
acres  (using  24,576  acres  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  projections  show  14,800  acres  irrigated 
by  1980,  18,700  acres  by  2000,  and  20,000  acres  by  2020. 

® I ncludes  2,424  acres  of  rangeland. 

® Does  not  agree  with  Table  7-3  due  to  land  use  changes 
during  time  lapse. 

? Includes  some  non-forested  land  commonly  associated 
with  forests, 
o 

Potential  irrigation  of  forests  (see  Appendix  V,  chapter  3, 
Forestry). 

to  be  in  need  of  improvements  to  accommodate 
orderly  development  of  the  Basin.  Details  of  these 
early  action  projects  are  found  in  the  Means  to 
Satisfy  Needs  section. 

Further  urban  development  is  expected  in  the 
lower  portion  of  the  Snohomish  Basin.  This  develop- 
ment is  expected  to  be  on  the  bench  terraces  for  the 
most  part  with  only  the  estuarine  area  being  devel- 
oped for  industrial  use.  The  upper  areas  are  expected 
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to  remain  in  forest  and  the  flood  plains  of  the  major 
streams  in  cropland  use.  The  estimated  number  of 
acres,  according  to  land  use,  that  will  require  protec- 
tive and  development  measures  by  the  years  1980, 
2000,  and  2020  are  tabulated  in  Table  7-4.  The  same 
land  area  may  require  more  than  one  of  these 
practices. 


Table  7-5  shows  drainage  groups  in  the  water- 
sheds of  the  Snohomish  Basin,  with  the  acreage  of 
land  falling  into  each  drainage  group.  From  this  and 
other  data  the  drainage  needs  for  expected  land  uses 
in  the  basin  are  derived. 


TABLE  7-5.  Drainage  groups  in  Snohomish  Basin1  (in  acres)2 


I Watershed  RNer  Basins 

N Area  and 


E 

No.3 

Watersheds 

01 

02 

03 

04 

06 

06 

07 

08 

09 

10 

11 

12 

13 

14 

16 

16 

Total 

Snohomish  Rrv*r 

1 

8e 

SnoqualmM  R War 

12.277 

0 

3.591 

1,234 

0 

4.501 

36 

10 

93 

0 

49.567 

1.027 

0 

409 

0 

8.540 

81.284 

2 

1 

Skykomrsh  River 

7.911 

0 

439 

25 

0 

4.248 

0 

110 

0 

0 

2,781 

135 

0 

10 

0 

1.643 

17.202 

3 

8b-? 

Sultan  River 

682 

0 

468 

0 

0 

430 

0 

5 

0 

0 

906 

0 

0 

0 

0 

0 

2,491 

4 

fib-4 

Woods  Creak 

1,161 

0 

747 

0 

0 

3.721 

900 

412 

0 

0 

10.352 

90 

0 

0 

0 

0 

17.383 

6 

8-1 

Pik-huck  River 

2.687 

0 

2.200 

0 

0 

2,284 

770 

227 

0 

0 

26.608 

60 

0 

23 

0 

250 

34.609 

6 

62 

French  Creak 

2.926 

0 

2.221 

1.018 

0 

870 

40 

172 

0 

0 

3,353 

70 

0 

318 

0 

36 

11.022 

7 

8-3 

Catticart  Area 

1.266 

0 

140 

0 

0 

488 

0 

55 

0 

0 

3,249 

20 

0 

0 

0 

105 

5.323 

8 

64 

Snohomish  Estuary 

6,316 

0 

3.099 

2,942 

0 

4.682 

0 

4,961 

0 

0 

16,713 

127 

0 

95 

0 

583 

39.508 

9 

65 

Marshland  Area 

2.912 

0 

813 

2,491 

0 

212 

0 

16 

0 

0 

5,545 

96 

0 

25 

0 

20 

12,131 

Total 

38.137 

0 

13.718 

7,710 

0 

21,436 

1,246 

5,957 

93 

0 

89,074 

1.627 

0 

880 

0 

11.076 

220.953 

Puaet  Sound  Dreinaet 

11 

a 26 

Edmonds-Mukilteo 

326 

0 

426 

0 

0 

389 

0 

156 

0 

0 

14,444 

8 

0 

0 

0 

100 

15,846 

12 

633 

Tulahp-Warm  Beach 

742 

0 

979 

0 

0 

560 

0 

327 

0 

0 

19,156 

0 

0 

0 

0 

0 

21.764 

13 

Total 

1.067 

0 

1,404 

0 

0 

949 

0 

482 

0 

0 

33,600 

8 

0 

0 

0 

100 

37.610 

14 

Grand  Total 

39.204 

0 

15,122 

7.710 

0 

22,388 

1,245 

6,439 

93 

0 

152,674 

1.636 

0 

880 

0 

11.176 

258.663 

1 Descriptions  of  drainage  groups  are  found  in  tt>e  Means  to  Satisfy  Needs  section  of  the  Area  report. 

3 Unadjusted  measurements.  1966.  for  Puget  Sound  Area  Study.  Tabulation  by  A DP  Read  three  significant  figures. 

3 See  Figure  7 1 for  location. 

MEANS  TO  SATISFY  NEEDS 


Population  forecasts  predict  about  780,300 
people  in  the  Snohomish  Basin  by  2020.  The  means 
used  to  accomplish  the  levels  necessary  to  meet  the 
needs  of  this  expected  population  consist  of  programs 
and  projects  for  protection  and  development  of  the 
land  and  water  resources  of  this  Basin.  The  wise  use 
and  development  of  these  resources  can  supply  the 
spatial  needs  and  aesthetic  wants  required  by  a 
growing  population.  The  needs  as  developed  in  other 
appendices  have  been  considered  in  this  appendix  as 
related  ot  the  land  and  water  resources  of  the  Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin’s  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserve  and  enhance  fish, 
wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices  to  provide 
for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 


the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  7-1  in  Present  Status  indicates  by  sub- 
basins the  present  land  use.  Table  7-6  summarizes  by 
time  periods  the  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  becomes 
practical.  Loss  is  limited  to  tolerable  values  by 
restricting  developments  on  hazardous  areas. 

Watersheds  require  varied  combinations  and 
intensities  of  management  according  to  the  capability 
of  the  land  and  its  use.  Programs  are  planned  to 
stabilize  land  and  related  water  and  thus  benefit  most 
functional  uses  of  water.  Special  objectives  for 
improvement  may  be  selected  for  project  purposes. 
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TABLE  7-6.  Estimated  future  land  use 


I 


I 


1 


Year 

Crop 

land 

Range- 

land 

Forest1 

Urban 

Built- 

up7 

Fresh 

water 

Misc. 

uses3 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

66.000 

2,424 

1,064,699 

66,715 

23,861 

6,752 

1,218.451 

2000 

64,000 

2,424 

1,047,199 

80,967 

23,861 

0 

1,218,461 

2020 

60,000 

2,424 

1.002,116 

130,060 

23,861 

0 

1.218,461 

1 Includes  non-forested  land  normally  associated  with  forest. 


2 Rural  no--  farm  is  assumed  to  be  all  urban  by  1980.  Built-up  based  on  »rerage  urban  density  of  six  persons  per  acre. 


O 

Unspecified  uses  including  land  in  transitional  usaoe. 


PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  satisfaction  of  the 
needs  as  brought  out  in  the  Needs  discussion  will 
utilize  the  program  and  project  approach,  as  ex- 
plained in  the  Puget  Sound  Area  section.  The  plan 
will  guide  the  development  of  the  resources  of  the 
Snohomish  Basin  to  provide  for  spatial  and  produc- 
tion requirements  for  the  expected  population  of  its 
service  area  to  the  year  2020.  The  Snohomish  Basin 
offers  numerous  opportunities  for  projects  and  pro- 
grams that  could  maintain  and  increase  fish  and 
wildlife,  and  improve  recreation  areas. 


Patterson  Creek  Watershed  Area  8a,  Figure  7-1 

is  tributary  to  the  Snoqualmie  River  downstream 
from  Fall  City.  Its  flood  plain  is  narrow  until  it 
breaks  out  onto  the  flood  plain  of  the  Snoqualmie. 
Most  of  the  flood  plain  has  been  cultivated  and  the 
hills  on  each  side  of  the  stream  are  heavily  forested 
with  second  growth  mixed  stands  of  Douglas-fir  and 
alder.  Urban  developments  are  beginning  to  appear 
scattered  throughout  the  higher  portions  of  the 
watershed.  A good  highway  between  Fall  City  and 
Redmond  follows  the  Patterson  Creek  flood  plain  for 
most  of  its  length. 

The  project  is  feasible  for  flood  prevention  on 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  12,451  acres  of  which 


Early  Action  Projects 

Several  projects  will  be  initiated  prior  to  1980 
to  remedy  existing  floodwater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 
continued  use.  Table  7-7  describes  projects  in  the 
early  action  plan: 


1 ,604  acres  are  cropland,  10,567  acres  are  forest,  255 
acres  rural  non-farm  and  urban,  and  25  acres  miscel- 
laneous uses. 

The  works  of  improvement  will  consist  of  8 
miles  of  improved  and  stabilized  channel  and  one 
water  control  structure  to  stabilized  the  water  table 
in  organic  soils. 


TABLE  7-7.  Costs  and  benefited  areas,  early  action  projects  recommended  for  installation  by  1980. 


Watershed  Area  No. 
and  Name1 

Project 

Area 

Project 

Structural 

Measures 

Cost2 

Flood 

Water 

Protec- 

tion 

Drainage 

Improve- 

ment 

(acres 

(dollars 

(acres) 

(acres) 

8a  Patterson  Cr.3 

12,461 

392.000 

667 

1.426 

8-4  Snohomish  Estuary3 

26,769 

2,111,000 

12,321 

10,222 

Total 

38,210 

2,503,000 

12,988 

11,648 

1 See  Figure  7-1  for  location. 

2 1967  prices. 

3 Part  of  the  Snoqualmie  R iver  watershed. 
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Installation  cost  is  estimated  to  be  $392,1 25,  of 
which  the  Federal  share  is  $264,750,  and  the  local 
share  is  $127,375.  Benefits  form  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  1 .5  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 1 5-year  period 
local  interests  will  install  necessary  land  treatment 
measures  for  erosion  control  and  flood  management, 
costing  approximately  $917,798,  drainage  measures 
estimated  to  cost  $298,513,  and  forest  protection 
and  mangement  practices  costing  $1,009,321  for  a 
tot;d  of  $2,225,632.  The  total  cost  of  installing  the 
structural  measures  and  the  land  treatment  measures 
is  $2,617,757. 

Snohomish  Estuary  Watershed  Area  8-4,  Figure 

7-1  is  located  north  and  east  of  Everett  and  on  the 
Snohomish  River  downstream  from  the  town  of 
Snohomish.  The  flood  plain  of  the  Snohomish  River 
and  the  low  hills  on  each  side  are  included  in  this 
watershed  along  with  several  islands  in  the  river.  The 
flood  plain  is  nearly  all  farmed  in  grass  for  pasture 
while  the  higher  portions  are  urbanized  or  in  cutover 
brush  forest.  The  forest  area  is  limited  to  the  few  high 
ridges  where  young  mixed  stands  of  Douglas-fir  and 
red  alder  occur.  These  areas  should  be  planned  for 
best  landscaped  appearance  and  minimizing  of  ero- 
sion as  a result  of  land  area  development. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  included  in  this  watershed 
contains  25,759  acres  of  which  10,366  acres  are 
cropland,  6,309  acres  are  forest,  8,392  acres  rural 
non-farm  and  urban,  and  692  acres  miscellaneous 
uses. 

The  works  of  improvement  will  consist  of  15 
miles  of  improved  and  stabilized  channel,  three  outlet 
structures  consisting  of  floodgates  and  pumps,  13 
improved  floodgate  structures,  and  1 1 miles  of  new 
and  reconstructed  dike. 

Installation  cost  is  estimated  to  be  $2,1 1 1 ,085, 
of  which  the  Federal  share  is  $1,616,765,  and  the 
local  share  is  $494,320.  Benefits  from  damage  reduc- 
tion and  drainage  will  provide  a benefit-cost  ratio  of 
3.0  to  I . To  achieve  benefits  made  possible  by  the 
structural  wor„s  and  other  management  during  a 
IS-year  period  local  interest  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  cost  approximately  $774,030,  drainage 
measures  expected  to  cost  $1,895,159,  and  forest 
protection  and  management  practices  costing 
$140,502  for  a total  of  $2,779,691 . The  total  cost  of 


installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $4,890,776. 

Projects  after  1980 

Projects  for  the  years  1980-2000,  and 
2000-2020  are  shown  in  Table  7-8  with  their  expec- 
ted costs.  Benefits  and  benefit-cost  ratios  have  not 
been  computed  for  projects  past  1980.  Total  installa- 
tion costs  will  be  $12,340,000. 


TABLE  7-8.  Costs  of  projects  recommended  for 
installation  after  1980. 


Watershed  Area  No. 
and  Name  * 

Project 

Area 

Structural 
Measures 
1 nstallation 
Cost2 

( acres! 

(dollars! 

1980-2000 

8a  Snoqualmie  River* 

8b-1  Skykomish  River 

8b-4  Woods  Creek 

8-1  Piichuck  River 

8-3  Cathcart  Area 

8-4  Snohomish  Estuary"* 

0-33  Tulalip-Warm  Beach 

424.360 

426,616 

40.880 

78,454 

8,897 

24.463 

26,437 

2,280,000 

720.000 

500.000 
1,000.000 

600.000 
6.890.000 

250.000 

TOTAL 

1,030.107 

12,240,000 

2000-2020 

8b-2  Sultan  River 

68.949 

100.000 

TOTAL 

68.949 

100.000 

1 See  Figure  7-1  for  location. 

2 

1967  adjusted  normalized  prices. 

3 Portion  of  watershed  to  be  completed  prior  to  1980. 

Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments brought  about  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Tables  7-9  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 
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1 Bate:  1967  prices,  except  items  asterisked  which  are  1967  adjusted  normalized  prices.  See  page  2-89  et.  seq.  for  further 
explanation  of  costs. 


2 Total  acres  in  Basin  involved  in  program  measures. 


Summary  of  Costs 

Costs  for  the  Snohomish  Basin  plan  (projects  years  1980-2000;  and  $135,640,000  for  the  years 
costs  plus  program  costs,  rounded  to  the  nearest  2000  through  2020.  Total  cost  of  the  plan  will  be 

thousand  dollars)  are  expected  to  be  $111,007,000  $393,114,000.  In  addition  to  page  2-89,  see  page 

for  the  early  action  program;  $146,467,000  for  the  2-95,  Table  2-20,  for  further  explanation  of  costs. 


I 
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CEDAR  BASIN 


The  Cedar  Basin  is  concentrated  almost  entirely 
in  central  King  County,  with  approximately  12 
percent  of  the  Basin  extending  into  southwestern 
Snohomish  County.  The  Basin  contains  the  Lake 
Washington  and  Sammamish  River  drainage  areas. 

The  Cedar  River  flows  into  Lake  Washington 
and  drains  an  area  of  approximately  185  square  miles 
and  has  no  major  tributaries. 


The  Sammamish  River  also  empties  into  Lake 
Washington,  and  its  principal  tributaries,  Swamp, 
Bear,  and  North  Creeks  drain  approximately  238 
square  miles.  Lake  Washington  empties  into  Shilshole 
Bay  and  drains  approximately  164  square  miles. 
Puget  Sound  drainage  encompasses  33  square  miles. 
The  Cedar  Basin  as  a whole  drains  about  620  square 
miles  of  territory. 


PRESENT  STATUS 


In  1963  the  population  was  776,500,  and 
projections  indicate  that  by  1980  the  population  will 
be  1,176,000;  by  2000,  it  will  be  1 ,889,400;  and  by 
the  year  2020  will  reach  3,035,200.  The  Seattle 
metropolitan  complex  is  largely  within  the  basin. 
Present  density  per  acre,  based  on  urban  and  rural 
non-farm  lands,  is  5.89  people  per  acre. 

Farmlands  in  the  Cedar  and  Sammamish  River 
valleys  are  gradually  being  converted  to  residential 
and  industrial  use.  The  remaining  cropland  of 
approximately  20,000  acres  is  located  largely  on  the 
rich  alluvial  lowlands.  More  than  three-fourths  of  the 
cropland  is  used  to  support  the  livestock  industry. 
Approximately  10  percent  of  the  cropland  is  used  for 
growing  vegetables,  berries,  and  nursery  products. 
Total  value  of  farm  production  is  over  $5  million 
annually. 

Forestry  at  the  present  time  remains  the  largest 
user  of  land  in  the  Basin.  It  is  one  of  the  major 
industries  in  the  region,  and  supports  numerous  mills 
and  related  industries. 

The  most  important  industry  in  the  Basin  has 
been,  and  should  continue  to  be,  its  transportation 
equipment  industry.  Other  important  industries 
include  clay  products,  foundries,  timber  and  related 
forest  products,  farming,  mining,  fisheries,  and  vari- 
ous forms  of  manufacturing.  Recreation,  especially 
boating,  swimming,  water  skiing,  and  sport  fishing 
plays  an  important  part  in  the  economy  of  the  Basin. 

Salmon  produgion  from  the  Cedar  Basin  con- 
tributes significant  quantities  to  the  Puget  Sound  and 
ocean  commercial  and  sport  fisheries.  The  largest 
share  of  income  and  economic  benefits  derived  from 
the  Washington  fishing  industry  is  gained  in  the  major 
seaport-water-front  of  the  city  of  Seattle. 


This  area  in  its  natural  state  had  a high  wildlife 
potential;  however,  extensively  home  and  industrial 
site  development  has  greatly  reduced  wildlife  habitat. 
Where  habitat  is  available  various  species  of  water- 
fowl,  upland  game,  big  game  and  fur-bearing  animals 
still  thrive. 

Major  recreation  attractions  are  the  water  and 
shorelines  of  Puget  Sound,  Lake  Washington,  and 
Lake  Sammamish.  The  shorelines  of  the  Cedar  River, 
as  well  as  many  other  rivers,  streams,  and  smaller 
lakes  possess  numerous  recreation  amenities.  The 
urban  parks  within  the  Seattle  metropolitan  area  are 
important  recreation  attractions  which  receive  a large 
amount  of  use. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  11,  Hydrology . 

Some  unfavorable  conditions  of  stream  and 
river  channels  in  the  Basin  are  partly  the  result  of 
nearly  a century  of  exploitation  by  man  with  only 
the  last  few  years  devoted  to  efforts  to  protect  and 
rehabilitate  the  environment.  Streambank  erosion  is 
less  severe  in  this  Basin  than  in  most  of  the  other 
basins. 

Where  vegetation  is  removed  by  construction  or 
other  activity  production  of  sediment  can  become 
very  great  during  periods  of  heavy  rainfall. 
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PRESENT  LAND  USE 


This  Basin  provides  one  of  the  smaller  valley 
systems  in  the  Puget  Sound  Area.  The  system 
includes  many  flood  and  drainage  problem  areas 
which  require  corrective  measures  before  their  poten- 
tial can  be  attained.  The  lower  Hood  plain  contains 
about  16,000  acres  of  level  or  gently  undulating 
bottom  lands.  The  remainder  of  the  land  consists  of 
gravelly  terraces  with  some  steep,  mountainous  val- 
leys in  the  southeastern  section  of  the  Basin  (see 
Figure  8-1).  The  ownership  distribution  of  the  Basin 
lands  are  shown  on  Figure  8-2. 

The  broad  categories  of  land  use  are  given  in 
Table  8-1.  No  attempt  is  made  here  to  quantify 
multiple-use  management  of  lands  such  as  for  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. 


TABLE  8-1.  Present  land  use  by  sub-basins1 


Land  Um 

Sammamish 
River  Basin 

Cedar 
River  Basin 

Total 

1 acres) 

(acres) 

(acres) 

Cropland 

17,607 

2,672 

20,279 

Rangeland 

371 

749 

1,120 

Forest2 

106,500 

104,141 

210,641 

Rural  non-farm 

21,292 

4,087 

25,379 

Urban  built-up 

83,030 

23,486 

106,516 

Fresh  water 

28,603 

4,285 

32,888 

Total 

257,403 

139,420 

396,823 

1 Unadjusted  measurements,  1966,  tor  Puget  Sound  study. 
Tabulations  by  ADP.  First  three  figures  are  significant  figures 
for  acres. 

2 includes  non-forested  land  normally  associated  with  forest. 

901 LS 

A medium  intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  boundary. 


Lands  within  the  national  forests  were  mapped  from 
a reconnaissance-type  survey.  Parts  of  Seattle  have 
been  mapped  with  a high-intentisy  soil  survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  King  and  Snohomish  Counties  and 
their  locations  are  shown  on  maps.  The  soil  survey 
report  is  available  in  libraries  and  in  local  offices  of 
the  United  States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  exhibit. 

The  total  land  area  of  364,000  acres  in  the 
Cedar  Basin  has  a medium-intensity  survey  on 
270,200  acres  and  a low-intensity  survey  on  93,800 
acres.  Of  the  270,200  acres,  228,500  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
40,400  acres  are  in  Class  Vll,  and  1 ,200  acres  in  Class 
VIII  (Figure  8-3). 

Lands  in  the  Land  Use  Capability  Classes  II 
through  VI  (228,500  acres)  have  the  greatest  poten- 
tial for  development;  i.e.,  changed  use  or  improved 
use.  Land  Use  Capability  Classes  11,  111,  and  IV  may 
be  suited  for  either  crops  or  urban  uses,  and  Class  VI 
has  potential  for  urban  development.  Most  of  the 
Class  II  and  Class  III  lands  in  this  basin  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VII  for  recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  8-2  and  8-3  which  follow  give  a tabula- 
tion of  capability  subclasses,  and  specific  wetness 
conditions  for  surveyed  lands  in  this  basin. 
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LAMP  SUITED  FOR  CULTIVATION  AND  OTHER  USES 

Soil*  In  Class  I heve  few  limitations  th*t  restrict 
their  um.  They  ere  well  suited  for  cult  I voted 
crops,  posture,  woodland,  wildlife,  end  recreation. 

Soils  In  Class  II  hove  some  limitations  that  reduce 
the  choice  of  plants,  or  require  moderate  conserve* 
tion  practices.  The  soils  are  well  suited  for  cul- 
tivated crops,  pasture,  woodland,  wildlife  food  end 
cover,  and  recreation 

Soils  in  Class  III  hove  severe  limitations  that  ye- 
duce  the  choice  of  plants,  or  require  special  con- 
servation practices.  When  used  for  cultivated  crops, 
the  conservation  practices  are  usually  more  diffi- 
cult to  apply  and  to  maintain.  Tha  soils  are  suited 
for  cultivated  crops,  pasture,  woodland,  wildlife 
food  and  cover,  end  recreation. 

Soils  in  Class  IV  have  vary  severe  limitations  that 
raptrict  the  choice  of  plants,  require  very  careful 
management , or  both.  Tha  soils  In  Class  IV  may  ba 
used  for  crops,  posture,  woodland,  wildlife  food 
and  cover,  and  recreation. 


LANO  UNITED  IN  USE 
GENERALLY  NOT  SUP  ED  FOR  CULTIVATION 

Soils  in  Class  V have  little  or  no  erosion  hecard 
but  heve  other  limitations  impractical  to  remove 
that  limit  their  use  largely  to  pasture,  renge, 
wood  lend,  or  wildlife  food  end  cover. 

Soils  in  Class  VI  heve  severe  limitations  thpt  make 
them  generally  unsuitad  for  cultivation  and  limit 
their  use  largely  to  pasture  or  range,  wood  I end, 
wildlife  food  and  cover,  and  recreation. 

Soils  In  Class  VII  have  very  severe  limitations 
that  meka  them  unsuited  for  cultivetion  end  ttet 
restrict  their  use  largely  to  graiing,  woodland, 
wildlife,  recreation,  and  water  supply 

Soils  and  land  forms  in  Class  VIII  have  limitations 
that  preclude  their  use  for  caemercial  plant  pro- 
duction and  restrict  their  use  to  recreation,  wild- 
life, water  supply,  or  esthetic  purposes. 


FR INARY  SUBCLASSES 


e-Fotentiel  erosion  or  past  erosion  < 
w- Wet ness , poor  drainage  or  overflow, 
s- She I lowness,  stoniness  or  low  moisture-holding  ca| 


i damage,  sediment  source. 


city,  etc. 


8-5 


TABLE  8-2.  Land  condition*  by  capability  dam*  in  Coda r Batin  (in  acre*) 1 


Subclawes2 Clan 


Class  e i 

ft  s 

ew 

es  we 

ws 

se 

SW 

Total 

II 

13.815 

13.815 

III 

30 

7.159 

6.652 

255 

14.096 

IV 

16.907 

117,706 

1,903 

3.338 

6.233 

300 

146.386 

V 

664 

664 

VI 

8.275 

18.112 

10,930 

1.263 

15.009 

53.589 

VII 

40,414 

40,414 

VIII 

178 

165 

894 

1,237 

TOTAL 

25.390 

143.141 

53.247 

26,626 

21.242 

555 

270,201 

1 Unadjusted  measurement!,  1966  for  Puget  Sound  Area  Study,  band  on  National  Cooperative  Soil  Survey  maps.  F int  three 
figures  are  significant  figures  for  acreages.  Does  not  include  land  within  national  forests. 

2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  a— erosion;  w wetness:  s— soil. 


TABLE  8-3.  Land  with  wetness  condition  by  cape- 
bility  ciawet,  Cedar  Batin  (in  acres)1 


Land 

Capability 

Clasass 

All  land  in  basin2 

Cropland  In  basin 

Total 

All 

Land 

With 

Wetness 

Condition 

Total 

Cropland 

Cropland 

With 

Wetness 

Condition 

last.) 

lest.) 

II 

13,816 

13,816 

8,000 

8,000 

III 

14,096 

14,066 

8.000 

7,983 

IV 

146.386 

121,343 

4,279 

3.647 

Subtotal 

174,297 

149,224 

20.279 

19,630 

V 

664 

664 

0 

0 

VI 

53,589 

19.376 

0 

0 

VII 

40,414 

0 

0 

0 

VIII 

1,237 

1,069 

0 

0 

Subtotal 

96.904 

21.098 

0 

0 

TOTAL 

270,201 

170.322 

20,279 

19.630 

1 Unadjustad  measurements,  1966,  for  Puget  Sound  Area 
Study  bated  on  National  Cooperative  Soil  Survey  maps.  First 
three  figure*  are  significant  figures  for  acres. 


2 Does  not  include  land  In  national  forests,  or  unaurveyed 
urban  lands. 


PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

In  the  Cedar  Basin  there  has  been  a large  influx 
of  population  during  recent  years.  Most  of  this  urban 
growth  is  taking  place  on  the  eastern  side  of  Lake 
Washington  from  southern  Snohomish  County  to 
Renton  on  the  south.  This  rapid  urbanization  of 
previously  forested  area  has  increased  sediment  move- 
ment from  the  area  manifold.  Measures  for  manage- 
ment in  thrrv  main  categories-protection  from  flood- 
water  damage,  measures  for  watershed  protection  and 
rehabilitation,  and  measures  for  water  management- 
are  present  in  varying  degrees  of  intensity  according 
to  land  use.  About  20,279  acres  are  now  used  as 
cropland;  210,641  acres  are  in  forest  (including  some 
areas  of  non-forested  land);  1 ,120  acres  are  classed  as 
rangeland;  and  131,895  acres  are  in  more  intensive 
uses.  Appendix  VII,  Irrigation,  indicates  that  800 
acres  were  under  irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction,  watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  of  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  and  other  land 
and  water  needs,  makes  it  necessary  to  initiate  an 
early  action  program  of  development  to  avoid  costly 
misuse  of  the  land  resource.  An  obvious  need  in  this 
Basin  is  for  improved  floodwater  damage  reduction 
on  the  Cedar  River  flood  plain  and  to  a leaser  extent 
on  the  Sammamish  River  flood  plain  as  described  in 
Appendix  XII,  Flood  Control,  and  for  flood  preven- 
tion and  rhainage  facilities  to  be  installed  on  two 
watersheds  considered  to  be  in  need  of  improvements 


to  accommodate  orderly  development  of  the  Basin. 
Details  of  these  early  action  projects  are  found  in  the 
Means  to  Satisfy  Needs  section. 

The  lower  Cedar  Basin  is  expected  to  become 
highly  urbanized  by  2020,  with  only  a small  number 
of  farms  remaining.  Forest  cover  will  be  maintained 
on  the  upper  watershed  and  managed  for  multiple 
uses.  The  estimated  number  of  acres,  according  to 
land  use,  that  will  require  protective  and  development 
measures  by  the  years  1980,  2000,  and  2020  are 
tabulated  in  Table  8-4.  The  same  land  area  may 
require  more  than  one  of  these  practices. 


TABLE  8-4.  Future  needs  for  watershed  management1 


Year 

F loodwater 

Damage2 

Reduction0 

Watershed 
Protection  & 
Rehab.3 

Drainage 

Improve 

ment3 

Irrigation 

Develop-3 

ment4 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

12.703 

16,120s 

3,250 

2,000 

2000 

12,703 

13,120s 

5,417 

3,000 

2020  12,703 

intensive  Land  Use7 

8.620s 

7,223® 

6,000 

1980 

8,600 

196,000 

196,000 

0 

2000 

8,600 

236,176 

236,176 

0 

2020  8,600 
Forested  Land8 

303,620 

30T.520 

0 

1980 

0 

152.815 

0 

0 

2000 

0 

114,640 

0 

0 

2020 

0 

51,796 

0 

20,368* 

1 Acreages  derived  by  map  measure  me  nt«  and  A DP  tabula- 
tion for  the  PSAAW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

2 Includes  overbank  flooding  of  main  streams. 

3 Needed  for  full  agricultural  development  (sae  Appendix  V, 
Water- Related  Land  Resources,  chapter  2,  Agriculture). 

4 According  to  Appendix  VII,  Irrigation,  there  wore  800 
acres  (using  1,720  acre  feat  of  water)  irrigated  in  1966. 
Irrigation  Appendix  projections  show  400  acres  will  be 
irrigated  by  I960;  0 acres  by  2000;  and  0 acres  by  2020. 

6 Includes  1,1 20  acres  of  rangeland. 

6 Does  not  agree  with  Tables  8-3  due  to  land  use  changes 
during  time  lapse. 

7 Calculated  on  basis  of  population  density  of  10.83 
persons  par  acre  for  Cedar  Basin.  Other  basins  calculated  on 
basis  of  8 parsons  per  acre. 

* Includes  non-forested  land  oommonfy  astCLiaSirl  with 

a - » 

roffffwo  meram. 

* Potential  irrigation  of  forests  (asa  Appendix  V,  chapter  3. 
Forestry). 
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Table  8-5  shows  drainage  groups  in  the  water-  data  the  drainage  needs  for  expected  land  uses  in  the 
sheds  of  the  Cedar  Basin,  with  the  acreage  of  land  Basin  are  derived, 
falling  into  each  drainage  group.  From  this  and  other 


TABLE  8-5.  Drainage  groups  in  Cedar  Basin1  (in  acres)2 


L 

1 

N 

E 

Water  shad 
Area 

No3 

River  Batins 
and 

Watersheds 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

Total 

Cedar  River 

1 

02? 

Swamp.  Bear.  North  Crs. 

478 

0 

1.802 

207 

0 

2,741 

0 

407 

0 

0 

29.109 

875 

0 

105 

0 

75 

35.699 

2 

028 

Lake  Washington 

1.151 

0 

1.678 

6? 

0 

6.506 

0 

16 

0 

0 

38.679 

113 

0 

977 

0 

109 

49.740 

3 

030 

Sammamish  River 

3.812 

0 

2.572 

130 

0 

6.903 

0 

0 

312 

0 

43.169 

178 

0 

845 

0 

1.037 

58.958 

4 

031 

Cedar  River 

1 276 

0 

692 

12 

0 

867 

0 

0 

0 

0 

17.507 

787 

0 

110 

0 

1.746 

71.997 

A 

Total 

6.717 

0 

6.744 

411 

0 

17.017 

0 

427 

317 

0 

128.414 

1.398 

0 

2.037 

0 

2.417 

165.889 

Puget  Sound  Drainages 

6 

079 

West  Slope  Seattle 

47 

0 

42 

0 

0 

1.080 

0 

0 

0 

0 

3.132 

20 

0 

13 

0 

0 

4.334 

7 

Total 

47 

0 

42 

0 

0 

1,080 

0 

0 

0 

0 

3.132 

20 

0 

13 

0 

0 

4.334 

8 

Grand  Total 

6.764 

0 

6.796 

411 

0 

18.097 

0 

422 

312 

0 

131.546 

1.418 

0 

2,050 

0 

2.417 

170,723 

' Descriptions  of  drainage  groups  are  found  m the  Means  fo  Satisfy  Needs  section  of  the  Area  report 
7 VJnadtusted  meaoiraments.  1966.  for  Puget  Sound  Area  Study.  T dotations  by  ADP.  Read  three  significant  figures. 
3 See  Figures  t for  location 


MEANS  TO  SATISFY  NEEDS 


Projection  indicate  that  by  the  year  2020 
population  in  the  Cedar  Basin  will  be  3,035,200.  The 
means  used  to  reach  the  levels  necessary  to  meet  the 
needs  of  this  expected  population  consist  of  programs 
and  projects  for  protection  and  development  of  the 
land  and  water  resources  of  the  Basin.  The  wise  use 
and  development  of  these  resources  can  supply  the 
spatial  needs  and  aesthetic  wants  of  the  growing 
population  herein.  The  needs  as  developed  in  other 
appendices  have  been  considered  in  this  Appendix  as 
related  to  the  land  and  water  resources  of  the  Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin's  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserve  and  enhance  fish, 
wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices,  to  provide 
for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Uss 

Table  8-1  in  Present  Status  indicates  by  sub- 


basin the  present  land  use.  Table  8-6  summarizes  by 
time  periods  the  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  becomes 
practical.  Loss  is  limited  to  tolerable  values  by 
restricting  development  on  hazardous  areas. 

Watersheds  require  varied  combinations  and 
intensities  of  management  according  to  the  capability 
of  the  land  and  its  use.  Programs  are  planned  to 
stabilize  land  and  related  water  and  thus  benefit  most 
functional  uses  of  water.  Special  objectives  for 
improvement  may  be  selected  for  project  purposes. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  needs  as  brought 
out  in  the  Needs  discussion  will  utilize  the  program 
and  project  approach,  as  explained  in  the  Puget 
Sound  Area  section.  The  plan  will  guide  the  develop- 
ment of  the  resources  of  the  Cedar  Basin  to  provide 
for  spatial  and  associated  requirements  for  the 
expected  population  of  its  service  area  to  the  year 
2020.  The  Cedar  River  and  several  of  its  tributaries 
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TABLE  8-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest' 

Urban 

Built- 

up 

Fresh 

water 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

14.000 

1,120 

162,815 

196.0002 

32.888 

396.823 

2000 

12.000 

1,120 

114,640 

236, 1753 

32.888 

396,823 

2020 

7.500 

1.120 

51,796 

303.5204 

32.888 

396.823 

1 I Deludes  non-forested  land  normally  associated  with  forest. 

2 Rural  non  farm  is  eesumed  to  be  all  urtsan  by  1980.  Built-up  baaed  on  average  urban  density  of  six  persons  per  acre. 

3 F igures  at  a density  of  eight  people  per  acres. 

4 F igured  at  a density  of  ten  people  per  acre. 


offer  numerous  opportunities  for  projects  and  pro- 
grams that  would  maintain  and  increase  fish  and 
wildlife  and  improve  recreational  opportunities. 

Early  Action  Projects 

Several  projects  will  be  initiated  prior  to  1980 
to  remedy  existing  floodwater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 
continued  use.  Table  8-7  describes  projects  in  he  early 
action  plan. 

Swamp,  Bear  and  North  Crooks  Watershed  Aran 
0-27,  Figure  8-1  discharges  into  the  Sammamish  River 
near  Bothell.  These  streams  flow  toward  the  south 
and  are  nearly  parallel.  The  topography  is  rolling  hills 
most  of  which  are  under  S00  feet  in  elevation. 
Urbanization  is  well  along  on  Swamp  Creek  and  is 
beginning  to  develop  on  North  and  Bear  Creeks. 

The  watershed  originally  had  a full  forest  cover. 
This  is  the  area  of  earliest  logging  and  repeated 
cutting  and  suburban  development  has  reduced  the 
original  limber  remaining  to  a few  isolated  tracts. 


Mixed  stands  of  Douglas-fir  and  red  alder  are  the 
principal  species.  Rapid  urbanization  now  in  progress 
is  substantially  reducing  the  area  of  forest  land. 
Owners  should  be  encouraged  to  create  a tract  of 
landscapes,  and  measures  should  be  taken  to  preserve 
open  areas  for  parks  and  playgrounds. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  44,795  acres  of  which 
3,863  acres  are  cropland,  19,844  acres  are  forest, 
21,008  acres  rural  non- far m and  urban , and  80  acres 
miscellaneous  uses. 

The  works  of  improvement  will  consist  of  24 
miles  of  improved  and  stabilized  channel  and  two 
water  control  structures. 

Installation  cost  is  estimated  to  be  $1,165,065, 
of  which  the  Federal  share  is  $8l5,S20,and  the  local 
share  is  $349,545.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  2.1  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year  period 


TABLE  8-7.  Com  and  benefited  areas,  early  action  projects  recommended  for  installation  by  1980 


nttermw  atm  r»o. 

and  No.1 

Protect 

Area 

Structural 

Measures 

Installation 

Cost3 

Flood- 

water 

Protec- 

tion 

Drainage 

Improve- 

ment 

1 acres) 

(dollars) 

(acres) 

(acres) 

0-27  Swamp.  Bear,  North  Crv 

44,796 

1,166,000 

5.963 

3.826 

0-30  Evans  Creak3 

28.800 

1.016,000 

3,348 

3.620 

Total 

73.596 

2,180,000 

9.311 

7.446 

1 See  Figure  8-1  for  location. 

3 1887  priest. 

3 Part  of  the  Sammamish  River  watershed. 
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local  interest  will  install  necessary  land  treatment 
measures  for  erosion  control  and  flood  management, 
costing  approximately  $277,268,  drainage  measures 
estimated  to  cost  $939,276.  and  forest  protection 
and  management  practices  costing  $421,883,  for  a 
total  of  $1,638,427.  The  total  cost  of  installing  the 
structural  measures  and  the  land  treatment  measures 
is  $2,803,492. 

Evans  Creek  Watershed  Area  0-30,  Figure  8-1 

outlets  into  the  Sammamish  River  near  Redmond.  It 
drains  a forested  area  of  about  45  square  miles 
located  north  and  east  of  Redmond  and  Lake 
Sammamish.  The  topography  of  the  area  is  rolling, 
with  some  hills  approaching  600  feet  in  elevation. 
The  outlet  into  the  Sammamish  River  is  approxi- 
mately 30  feet  mean  sea  level. 

The  flood  plain  near  Redmond  is  broad  and 
nearly  level  and  in  the  upper  reaches  of  the  stream, 
the  valley  floor  is  relatively  narrow  and  winding.  Most 
of  the  cropland  is  located  on  the  flood  plain. 
Approximately  two-thirds  of  the  watershed  is  for- 
ested. Most  of  the  area  has  been  cut  over  several  times 
and  urbanization  is  progressing  rapidly  throughout 
the  watershed.  This  trend  is  expected  to  continue  as 
Seattle  and  adjoining  areas  are  within  easy  com- 
muting distance. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  28,800  acres  of  which 
4,110  acres  are  cropland,  18,151  acres  are  forest, 
6,448  acres  rural  non-farm  and  urban,  and  91  acres 
miscellaneous  uses. 

The  works  of  improvement  will  consist  of  16 
miles  of  improved  and  stabilized  channel  and  two 
floodwater  retarding  structures  for  flood  control  and 
recreation. 

Installation  cost  is  estimated  to  be  $ 1 ,014,895, 
of  which  the  Federal  share  is  $7 13, 785, and  the  local 
share  is  $301,110.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  1 .9  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $294,998,  drain- 
age measures  expected  to  cost  $710,570,  and  forest 
protection  and  management  practices  costing 
$385,890  for  a total  of  $1 ,391 ,458.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measure  is  $2,406,353. 


Projects  after  1980 

Projects  for  the  years  1980-2000  and 
2000-2020  are  shown  in  Table  8-8  with  their  expec- 
ted costs.  Benefits  and  benefit-cost  ratios  have  not 
been  computed  for  these  projects.  Total  installation 
costs  are  anticipated  to  be  $6,090,000.  installing  the 
structural  measures  and  the  land  treatment  measures 
is  $3,910,000. 


TABLE  8-8.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No. 
and  Name1 

Project 

Area 

Struc.  Meas. 
1 nstaliation 
Cost2 

1980-2000 

(acres) 

(dollars) 

0-28  Lake  Washington 

82,496 

520,000 

0-30  Sammamish  River3 

101,509 

2,710,000 

0-31  Cedar  River 

114,743 

580,000 

Total 

298,748 

3,810,000 

2000-2020 

0-29  Upper  West  Slope  Seattle 

37,256 

100,000 

Total 

37,256 

100,000 

1 See  Figure  8-1  for  location. 

2 1967  prices 

3 Portion  of  the  watershed  to  be  completed  after  1980. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  of  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  8-9  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 

Summary  of  Costs 

Costs  for  the  Cedar  Basin  plan  (projects  costs 
plus  program  costs,  rounded  to  the  nearest  thousand 
dollars)  are  expected  to  be  $153,316,000  for  the 
early  action  program;  $ 155,135,000  for  the  years 
1980-2000;  and  $151,012,000  for  the  years  2000 
through  2020.  Total  cost  of  the  plan  will  be 
$459,463,000.  See  page  2-89  et  seq.;  also  page  2-95, 
Table  2-20,  for  further  information  on  costs. 


TABLE  8-9.  Watershed  management  practices  for  protection  and  development,  by  time  periods.  Cedar  Basin 


Cost1 

(thousands  of  dollars) 


First  IS  Years 


Technical  assistance  & management 

167.9362 

5,775 

Federal,  regular 

4,446 

Federal,  accelerated 

1,329 

Installation  of  practices  (non-Federal) 

145,361 

State  & corporate  management 

3,763 

Land  treatment 

101,637 

1,362 

Water  mansgement 

3,260 

930 

Urban  drainage 

103,197 

139,316 

Total 

151,136 

1960-2000 

Technical  assistance  & management 

127.7602 

8,996 

Federal,  regular 

7,667 

Federal,  accelerated 

1,329 

Installation  of  practices  (non-Federal) 

142,329 

State  & corporate  management 

6,018 

Land  treatment 

61,362 

• 1,432 

Water  management 

2,167 

• 660 

Urban  drainge 

100,162 

•136,219 

Total 

151,325 

2000-2020 

Technical  assistance  A management 

66,2782 

8,104 

Federal,  regular 

7,661 

Federal,  accelerated 

443 

Installation  of  practices  (non-Federal) 

142,808 

State  A corporate  management 

6,018 

Land  treatment 

7,600 

• 900 

Water  management 

1.806 

* 1,671 

Urban  drainage 

100,162 

*136,219 

Total 

15S3T2 

1 Bate:  1967  prices,  except  items  asterisked  which 

era  adjusted  normalized  prices 

. See  page  2-89  et. 

seq.  for  further 

explanation  of  costs. 


2 Total  acres  in  basin  involved  in  program  measures. 


GREEN  BASIN 


The  Green  Basin  is  located  almost  entirely  in 
southern  King  County,  with  less  than  I percent  of  the 
Basin  overlapping  into  northwestern  Pierce  County. 
The  Green  River  is  one  of  the  smaller  rivers  in 


the  Puget  Sound  Area.  It  drains  an  area  of  541  square 
miles.  The  principal  tributaries  are  Soos  Creek, 
Newaukum  Creek,  Coal  Creek,  and  Black  River. 


PRESENT  STATUS 


In  1963  the  population  was  200,200,  and  the 
projections  indicate  that  by  1980  the  population  will 
be  303,000;  by  2000,  486,300;  and  by  the  year  2020 
will  reach  781 ,100.  Part  of  the  city  of  Seattle  is  in  the 
Green  Basin.  Population  density  at  the  present  time, 
based  on  urban  and  rural  non-farm  lands,  is  2.91 
people  per  acre. 

Land  usage  in  the  Green  Basin  is  in  a transi- 
tional stage  from  agriculture  to  industrial-commercial. 
The  remaining  cropland  of  33,000  acres  is  located 
partly  on  the  rich  alluvial  lowlands.  More  than 
three-fourths  of  the  cropland  is  used  to  support  the 
livestock  industry.  Approximately  10  percent  of  the 
cropland  is  used  for  growing  vegetables,  berries,  and 
nursery  products.  Total  value  of  farm  production  is 
over  S8  million  annually. 

Forestry,  although  the  largest  user  of  land,  has 
declined  to  a relatively  unimportant  status  in  the 
Basin.  There  are  no  large  sawmills  or  woodpulp 
producing  mills  now  located  in  the  area. 

As  in  the  Cedar  Basin,  the  manufacturing  of 
transportation  equipment  is  by  far  the  most  impor- 
tant industry  in  the  Basin.  A high  level  of  activity  is 
also  noted  in  shipbuilding,  machinery,  primary 
metals,  and  fabricated  metal  manufacturing.  Farming, 
mining,  fisheries,  and  to  a lesser  extent,  forestry,  are 
also  important  industries  within  the  Basin. 

The  Green  River  supports  major  salmon  popula- 
tions that  contribute  heavily  to  the  commercial  and 
sport  fisheries  of  Puget  Sound,  the  straits,  and  ocean 
coastal  areas.  Since  Seattle  is  the  major  seaport  of 
Puget  Sound  this  area  receives  the  largest  portion  of 
economic  benefits  from  the  fisheries  resources. 

This  area  in  its  natural  state  had  a high  wildlife 
potential.  However,  extensive  home  and  industrial 
site  development  has  greatly  reduced  wildlife  habitat. 
Where  habitat  is  available  various  species  of  water- 


fowl, upland  game,  big  game,  and  fur-bearing  animals 
still  thrive. 

The  major  recreation  attraction  is  the  water  and 
shoreline  of  the  Puget  Sound.  The  shorelines  of  the 
Green  River,  as  well  as  other  streams  and  small  lakes, 
possess  numerous  recreation  amenities.  A 12-mile 
section  of  the  Green  River  Gorge  from  the  town  of 
Kanasket  to  the  Kummer  Bridge  is  unique. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  III,  Hydrology. 

The  present  condition  of  many  stream  and  river 
channels  in  this  Basin  is  partly  the  result  of  nearly  a 
century  of  exploitation  by  man  with  only  the  last  few 
years  devoted  to  efforts  to  protect  and  rehabilitate 
the  environment.  Streambank  erosion  is  severe  in 
certain  areas  where  sediment  and  debris  reduce 
channel  capacity. 

Dredging  operations  at  the  mouth  of  the 
Green-Duwamish  Rivers  are  needed  to  keep  the  harbor 
open  to  deep  draft  vessels.  Sediment  production  is 
heavy  during  winter  high  flows.  Bank  erosion  is 
moderate  to  severe  below  the  Green  River  Gorge  and 
is  the  source  of  considerable  coarse  sediments. 

In  the  Basin  projects  are  authorized  for  installa- 
tion on  East  Side  Green  River  and  West  Side  Green 
River  Watershed  Area  0-34  and  0-35,  respectively. 
These  two  projects  are  basically  for  floodwater 
reduction  and  drainage  control  (see  Figure  8a-l). 
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GREEN  BASIN 

GENERALIZED  LAND  USE  MAP 


PRESENT  LAND  USE 


SOILS 


The  system  includes  many  flood  and  drainage 
problem  areas  which  require  corrective  measures 
before  their  potential  can  be  attained.  The  lower 
flood  plain  contains  about  17,000  acres  of  level  or 
gently  undulating  bottom  lands.  Another  acreage  of 
the  problem  area  is  in  the  Osceola  plateau.  The 
undeveloped  lands  start  at  the  foothills  and  graduate 
into  sizable  areas  of  steep,  mountainous  valleys  in  the 
eastern  section  of  the  Basin  (see  Figure  8a-l).  The 
ownership  distribution  of  the  Basin  lands  are  shown 
on  Figure  8a -2. 

The  broad  categories  of  land  use  are  given  in 
Table  8a-l.  No  attempt  is  made  here  to  quantify 
multiple-use  management  of  lands  such  as  for  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. 


TABLE  8a-1.  Present  land  use  by  sub-basins  1 


Land  U» 

Green 

River 

Basin 

Coastal 

Waters 

Total 

(acres) 

(acres) 

(acres) 

Cropland 

32,972 

131 

33,103 

Rangeland 

2,202 

30 

2,232 

Forest^ 

230,165 

5,882 

236,047 

Rural  non-farm 

8,017 

949 

8,966 

Urban  built-up 

34,275 

25,610 

59,885 

Fresh  water 

5,846 

104 

5,950 

Total 

313,477 

32,706 

346.183 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study.  Tabulations  by  A DP.  First  three  figures  are  significant 
figures  for  acreages. 

n 

Includes  non-forest ed  land  normally  associated  with  forest. 


A medium-intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  boundaries. 
Lands  within  the  national  forests  were  mapped  from 
a reconnaissance-type  survey.  Parts  of  Seattle  have 
been  mapped  by  a high-intensity  soil  survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  King  and  Pierce  Counties  and  their 
locations  are  shown  on  maps.  The  soil  survey  report  is 
available  in  libraries  and  in  local  offices  of  the  United 
States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  340,200  acres  in  the 
Green  Basin  has  a medium-intensity  survey  on 
208,700  acres  and  a low-intensity  survey  on  131,500 
acres.  Of  the  208,700  acres,  148,900  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
58,600  acres  are  in  Class  VII,  and  1 ,200  acres  in  Class 
VII  (Figure  8a-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (148,900  acres)  have  the  greatest  potential  for 
development:  i.e..  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III  and  IV  may  be  suited  for 
either  crops  or  urban  uses,  and  Class  VI  has  potential 
for  urban  development.  Most  of  the  Class  II  and  Class 
III  lands  in  this  Basin  are  subject  to  flooding  and  have 
wetness  conditions  which  present  hazards  for  many 
developed  uses.  Class  VII  is  expected  to  be  largely 
limited  to  forest  use  and  Class  Vlll  fro  recreation  or 
aesthetic  use. 

The  soil  types  in  the  Area  having  a medium- 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  I .Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  8a-2  and  8a-3  which  follow  give  a 
tabulation  of  capability  subclasses  and  pecific  wet- 
ness conditions  for  surveyed  lands  in  this  Basin. 


8a-3 


GENERALIZED  OWNERSHIP  MAP 


LAND  SUITED  FOR  CULTIVATION  AND  OTHER  USES 


GREEN  BASIN 

GENERALIZED  LAND  CAPABILITY  MAP 

Clots  and  Subclass 


TABLE  8a-2.  Land  conditions  by  capability  classes  in  Green  Basin  (in  acres)1 


Subclasses2 

Clast 

Class  e 

W 

s 

ew 

es 

we  ws 

•e 

tw  Total 

II 

25,208 

25,208 

III 

591 

1,961  6,124 

8,676 

IV 

17,996 

66,421 

5,219 

1.159 

2,391 

93.186 

V 

230 

230 

VI 

6,687 

4,774 

3,611 

1,167 

6.466 

21,586 

VII 

58,600 

58,600 

VIII 

288 

87 

839 

1,214 

TOTAL 

23,871 

71,873 

67,430 

1.961  34.717 

8,847 

208.699 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  bated  on  National  Cooperative  Soil  Survey  maps.  First  three 
figures  ere  significant  figures  for  acreages.  Does  not  include  lands  within  national  forests  and  national  parks. 

2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e -erosion:  w— wetness;  t— toil. 

TABLE  8a-3.  Land  with  wetness  condition  by  capa- 
bility classes.  Green  Basin  (in  acres)1 


All  land  in  basin2  Cropland  in  basin 


Land 

Capability 

Classes 

Total 

All 

Land 

With 

Wetness 

Condition 

Total 

Cropland 

Cropland 

With 

Wetness 

Condition 

(est) 

(est.) 

II 

25,206 

26,208 

21,427 

21,427 

III 

8,676 

8,676 

5,126 

5,126 

IV 

93,186 

67,680 

6.550 

4.750 

Subtotal 

127,070 

101,464 

33.103 

31,303 

V 

230 

230 

0 

0 

VI 

21,686 

6,931 

0 

0 

VII 

68,600 

0 

0 

0 

VIII  _ 

1.214 

926 

0 

0 

Subtotal 

81,629 

7,087 

0 

0 

TOTAL 

206,699 

108,561 

33.103 

31.303 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study,  based  on  National  Cooperative  Soil  Survey  maps.  First 
three  figures  are  significant  figures  for  acraegst. 

2 Does  not  include  land  In  national  forests,  or  untutveyad 
urban  lands. 


PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

Due  (o  existing  transportation  routes  the  lower 
part  ot  the  Green  Basin  is  developing  into  an 
industrial  area.  The  supporting  residential  and  com- 
mercial areas  are  developing  on  bench  terraces  or 
plateau  lands. 

Measures  for  floodwater  damage  reduction, 
watershed  protection  and  rehabilitation,  and-  water 
management  are  present  in  varying  degrees  of  inten- 
sity according  to  land  use.  About  33,103  acres  are 
presently  used  as  cropland,  236,047  acres  are  in 
forest  (including  non-forested  areas),  2,232  acres  are 
classified  as  rangeland,  and  68,851  acres  are  in  more 
intensive  uses.  Appendix  VII,  Irrigation,  states  that 
1 ,800  acres  were  under  irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept . Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

Flood  control  is  provided  by  Howard  A.  Han- 
son storage  and  existing  levees  on  the  lower  valley. 
The  flood  control  measures  in  place,  as  well  as 
authorized  flood  prevention  and  drainage  projects  on 
lower  tributaries,  will  largely  meet  the  needs  for  this 
protection  through  1980.  Continued  development  of 
watershed  lands  will  necessitate  additional  projects  in 
later  years.  A summation  of  these  watershed  manage- 
ment projects  can  be  found  in  Means  to  Satisfy  Needs 
portion  of  this  Basin. 

Some  cropland  is  expected  to  remain  in  the 
Green  Basin  in  2020;  however,  some  areas  of  land 
now  in  forest  or  crops  will  be  developed  for  urban 
use.  The  estimated  number  of  acres,  according  to  land 


use,  that  will  require  protective  and  development 
measures  by  the  years  1980,  2000,  and  2020  are 
tabulated  in  Table  8a-4.  The  same  land  may  require 
more  than  one  of  these  practices. 


TABLE  8b-4.  Future  needs  for  watershed  manage- 
ment 


Floodwater 

Damage2 

Year  Reduction2 

Watershed 
Protection  A 
Rehab.2 

Drainage 

Improve 

ment2 

1 rrigat  ion 
'Develop-2 
ment4 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980  17,910 

27,232° 

7,447 

5.000 

2000  17,910 

24.7326 

12,411 

7.000 

2020  17,910 

19.732® 

16.5486 

14,000 

Intensive  Land  Use 

1980  11.240 

68,851 

68,851 

0 

2000  11.240 

81,050 

81,060 

0 

2020  11,240 

130.183 

130.183 

0 

Forested  land2 

1980  0 

236,047 

0 

0 

2000  0 

234,451 

0 

0 

2020  0 

190,318 

0 

27,442® 

Unclassified  Lfr>0 

1980  0 

8,103 

0 

0 

2000  0 

0 

0 

0 

2020  0 

0 

0 

0 

Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion for  the  PSA  AW  study.  Other  potential  not  tabulated. 
Unrounded  fibres  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

2 

I ncludes  overbank  flooding  of  main  streams. 

^ Needed  for  full  agricultural  development  I see  Appendix  V. 
Water-Related  Land  Resources,  chapter  2,  Agriculture). 

* According  to  Appendix  VII,  Irrigation,  there  were  1,800 
acres  (using  3,870  acre  feet  of  water)  irrigated  in  1966. 
Irrigetion  Appendix  projections  show  1.400  acres  irrigated  by 
I960,  900  acres  by  2000,  and  1,100  acres  by  2020. 

® Includes  2,232  acres  of  rangeland. 

6 Does  not  agree  with  Table  8a- 3 due  to  land  use  changes 
during  time  lapse. 

^ Includes  non-forested  land  commonly  associated  with 
forested  areas. 

8 Potential  irrigetion  of  forests  (see  Appendix  V,  chapter  3, 
Forestry). 

Tabic  8a-5  shows  drainage  groups  in  the  water- 
sheds of  (he  Green  River  Basin,  with  the  acreage  of 
land  falling  info  each  group.  From  this  and  other  data 
the  drainage  needs  for  expected  land  uses  in  the  Basin 
are  derived. 
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TABLE  8a-5.  Drainage  group*  in  Green  Basin1  (in  acres)2 


L 

ttalinhrd 

River  Bam" 

N 

Are* 

And 

i 

No3 

Astrfihfdi 

01 

07 

03 

04 

06 

06 

07 

08 

09 

10 

ii 

17 

13 

14 

16 

16 

Total 

Green  River 

1 

a 34 

East  Side  Green  R rver 

(Slack  River) 

6.4  7b 

C 

1.551 

379 

0 

1.113 

0 

0 

0 

0 

33.731 

179 

141 

385 

U 

4 090 

47.944 

2 

<336 

Weil  Side  Green  River 

(Hill  Creek) 

6.410 

0 

1.105 

476 

0 

543 

930 

0 

0 

0 

11.779 

7 

0 

63 

0 

3.788 

74.501 

3 

a3 7 

Upper  Green  River 

47b 

679 

1.079 

0 

0 

362 

5.179 

0 

0 

0 

6.697 

56 

0 

76 

0 

900 

15.748 

4 

Total 

13.360 

529 

3.685 

/55 

0 

2.018 

6.059 

0 

0 

0 

51.657 

197 

141 

574 

0 

8.778 

87,693 

Puget  Sound  Drainage* 

V 

5 

a 29 

West  Slope  Seattle 

78 

0 

138 

0 

0 

481 

0 

0 

0 

0 

6.476 

0 

0 

0 

0 

0 

7.173 

6 

<336 

Lakota-Des  Momtes 

17 

0 

177 

0 

0 

388 

0 

0 

0 

0 

WE5M 

14 

0 

86 

0 

0 

13.704 

7 

Total 

96 

0 

310 

0 

0 

869 

0 

0 

m 

19.463 

14 

0 

86 

0 

0 

70.877 

8 

Grand  T o tel 

13.456 

579 

3.996 

755 

0 

7.887 

6.069 

0 

B 

B 

71.105 

706 

141 

610 

0 

8.778 

108.570 

1 Description*  of  fframage  groups  ar»  found  in  the  Means  to  Satisfy  Needs  teclwn  of  the  Area  report 

2 Unadjusted  measurements.  1966.  for  Puget  Sound  Area  Study  Tabulations  by  ADP  Read  three  syndic  wit  Inures 

3 See  f gure  8a  1 for  location 


MEANS  TO  SATISFY  NEEDS 


Population  forecasts  predict  about  781,100 
people  for  the  Green  Basin  by  2020.  The  means  used 
to  accomplish  the  levels  necessary  to  meet  the  needs 
of  this  expected  population  consist  of  programs  and 
projects  for  protection  and  development  of  the  land 
and  water  resources  of  this  Basin.  The  wise  use  and 
development  of  these  resources  can  supply  the  spatial 
needs  and  aesthetic  wants  required  by  an  expanding 
population.  The  needs  as  developed  in  other  appen- 
dices have  been  considered  in  this  Appendix  as 
related  to  the  land  and  water  resources  of  the  Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin's  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserve  and  enhance  fish, 
wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices,  to  provide 


for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  8a-l  in  Present  Status  indicates  by 
sub-basins  the  present  land  use.  Table  8a-6  sum- 
marizes by  time  periods  the  estimated  future  use  of 
the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  becomes 


TABLE  8a-6.  Estimated  future  land  use. 


Crop- 

land 

Range- 

land 

Forest1 

Urban 

Built- 

up2 

Fmh 

water 

Misc. 

uses3 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

I960 

26.000 

2.232 

236.047 

68.861 

5,950 

8,103 

346.183 

2000 

22,600 

2.232 

234.461 

81.060 

5,960 

0 

346,183 

2020 

17,600 

2.232 

190.318 

130.183 

6.950 

0 

346,183 

1 Includes  non-foressed  land  normally  associated  with  forest. 

2 Run)  non-farm  is  aaaumad  to  be  urban  by  1980.  Built-up  bated  on  average  urban  density  of  six  persons  per  acre. 


3 Unspecified  uses  including  land  in  transitional  usage. 
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practical.  Loss  is  limited  to  tolerable  values  by 
restricting  development  on  hazardous  areas. 

Watersheds  require  varied  combinations  and 
intensities  of  management  according  to  the  capability 
of  the  land  and  its  use.  Programs  are  planned  to 
stabilize  land  and  related  water  and  thus  benefit  most 
functional  uses  of  water.  Special  objectives  for 
improvement  may  be  selected  for  project  purposes. 

PLAN  OF  DEVELOPMENT 

This  rian  to  provide  for  the  satisfaction  of  the 
needs,  as  brought  out  in  the  Needs  discussion,  will 
utilize  the  program  and  project  approach,  as  ex- 
plained in  the  Puget  Sound  Area  section.  The  plan 
will  guide  the  development  of  the  resources  of  the 
Green  River  Basin  to  provide  for  spatial  and  asso- 
ciated requirements  for  the  expected  population  of  its 
service  area  to  the  year  2020.  The  Green  River  offers 
numerous  opportunities  for  projects  and  programs 
that  could  maintain  and  increase  fish  and  wildlife 
production  and  recreation  areas.  Two  projects  pre- 
viously authorized  (costs  not  included  here)  will  be 
constructed  prior  to  1980. 

Projects  after  1980 

Several  projects  will  be  initiated  in  the 
1980-2000  and  2000-2020  periods  to  remedy  existing 
floodwater  and  drainage  problems  and  to  develop 
lands  toward  their  potential  for  continued  use. 
Benefits  and  benefit-cost  ratios  have  not  been  com- 
puted for  projects  past  1980.  Total  installation  costs 
will  be  SI  ,800,000.  Table  8a-7  gives  brief  summaries 
of  projects  included  in  this  plan. 


TABLE  8*7.  Costs  of  projects  recommended  for 
installation  after  I960 


Water  ihed  Ana  No. 
and  Name1 

Protect 

Area 

Strut.  Meat 
l retaliation 
Coat  3 

(acred 

(dollan) 

1960-2000 

037  Upper  Green  River 

200.368 

1.700.000 

Total 

200,368 

1.700.000 

20002020 

036  Lakota-Des  Moines 

16.660 

100  °w 

Total 

16.660 

100.000 

1 Sea  Figure  8e- 1 for  location. 
3 1967  prices. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments brought  about  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  8a -8  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 

Summary  of  Costs 

Costs  for  the  Green  Basin  plan  (project  costs 
plus  program  costs,  rounded  to  the  nearest  thousand 
dollars)  are  expected  to  be  $74,818,000  for  the  early 
action  period;  $80,676,000  for  the  years  1980-2000; 
and  $79,232,000  for  the  years  2000-2020.  Total  cost 
of  the  plan  will  be  $234,726,000.  See  page  2-89  et. 
seq.  for  further  explanation  of  costs. 
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16,660 


TABLE  8»-8.  WmnM  management  practices  for  protection  and  davalopmont.  by  time  periods.  Green  Basin 


Practice 

Area 

Cost1 

(acres) 

(thousands  of  dollar*) 

First  15  Years 

Technical  assistance  ft  management 

271. 3B22 

7,020 

Federal,  regular 

7,020 

Federal,  accelerated 

0 

Installation  of  practices  (non-Federal) 

6 7.798 

State  & corporate  management 

3,079 

Land  treatment 

151,110 

2,806 

Water  management 

7,447 

2,159 

U<  ban  drainage 

44.262 

59,754 

Total 

74.818 

1960-2000 

Technical  assistance  A management 

259, 1832 

12.682 

Federal,  regular 

12,239 

Federal,  accelerated 

443 

Installation  of  practices  (non-Faderal) 

66,294 

State  & corporate  management 

4,106 

Land  treatment 

138.911 

• 2,779 

Water  management 

4,964 

• 1.4)3 

Urban  drainage 

42,960 

*57,986 

Total 

78.976 

20002020 

Technical  assistance  A management 

210,06 02 

12.678 

Federal,  regular 

12,235 

Federal,  accelerated 

443 

Installation  of  practices  (non-Federal) 

66,464 

State  A corporate  management 

4,106 

Land  treatment 

89.778 

* 2,108 

Water  management 

7,000 

* 2.244 

Urban  drainage 

42,960 

• 57,996 

Total 

79.132 

* Ben:  1967  prices,  *x apt  items  asterisked  which  era  1967  adjusted  normalized  prices.  See  page  2-89  at  seq.  for  further 
explanation  of  costs. 

2 Total  acres  in  Basin  involved  in  program  measures. 
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PUYALLUP  BASIN 


The  Puyallup  Basin  is  located  largely  in  Pierce 
County,  although  10  percent  of  the  Basin  is  located 
in  southern  King  County. 

The  western  half  of  this  Basin  has  extensive 
alluvial  flats  and  gravelly  terraces  graduating  into  a 
large  area  of  rugged  mountainous  terrain,  including 
Mt.  Rainier  in  the  east. 


The  Puyallup  Basin  provides  the  fifth  largest 
valley  system  in  the  Puget  Sound  Area.  It  drains  an 
area  of  992  square  miles.  The  principal  tributaries  are 
the  White  River  and  the  Carbon  River.  Coastal  waters 
drain  212  square  miles,  and  empty  directly  into  Puget 
Sound.  The  Puyallup  Basin  as  a whole  drains  1 ,204 
square  miles  of  territory. 


PRESENT  STATUS 


In  19631  the  population  was  333,800,  and 
projections  indicate  that  by  1980  the  population  will 
be  462,000;  by  2000, 741 ,400;  and  by  the  year  2020 
will  reach  1,190,900.  Population  density  at  the 
present  time,  based  on  urban  and  rural  non-farm 
lands,  is  2.71  people  per  acre. 

Farming  and  forestry  are  two  of  the  main  users 
of  land  in  the  basin,  and  farming  is  still  a very 
important  part  of  its  economy.  In  the  last  few  years, 
specialty  crops  such  as  bulbs,  flower  plants,  commer- 
cial shrubs,  and  herbs  have  superseded  dairying  as  the 
most  important  product  in  the  farming  industry. 
Poultry,  berry,  and  vegetable  production  make  up  an 
important  segment  of  the  Puyallup  Basin  industry. 
Total  value  of  farm  production  is  over  $13  million 
annually. 

Forest  products  constitute  one  of  the  prime 
resources  of  the  area,  with  several  large  sawmills  and 
wood  pulp  producing  mills  being  located  in  the  Basin. 

Farming  and  the  forest  products  industry  have 
been  among  the  principal  activities  in  the  Puyallup 
Basin.  Other  important  industries,  mainly  located 
near  Tacoma,  include  an  oil  refinery,  an  aluminum 
reduction  plant,  chemical  products,  copper  smelter,  a 
ferro-alloy  plant,  pulp  mill,  and  industries  related  to 
aircraft  manufacturing.  Mining  activities  in  the  Basin 
include  coal,  basalt  rock,  clay,  and  sandstone.  Recrea- 
tion is  highlighted  by  sport  fishing,  as  the  Puyallup 
River  is  a major  steelhead  fishing  stream. 

The  production  of  salmon  from  the  Puyallup 
River  provides  important  contributions  to  the  com- 
mercial and  sport  fisheries  of  Puget  Sound,  Strait  of 

1 Population  fipum  for  this  basin  wars  based  on  prsUminary 
economic  data  prepared  in  1987  and  may  be  slightly  lower 
than  the  soma  data  In  other  append  leas. 


Juan  de  Fuca  and  Pacific  Ocean  coastal  waters.  The 
economy  of  the  Basin  is  stimulated  and  enhanced 
from  this  natural  resource. 

The  Puyallup  Basin  is  a significant  winter 
concentration  area  for  migratory  waterfowl.  Suitable 
habitat  attracts  a variety  of  species.  The  varied  species 
of  upland  game  which  inhabit  the  Basin  include  both 
native  members  and  introduced  exotics.  A wide 
variety  of  fur-bearing  animals  inhabit  the  basin  along 
with  a number  of  big-game  species. 

The  outdoor  attractions  of  the  Basin  include 
the  waters  and  shorelines  of  Puget  Sound  and  of  the 
lakes  and  rivers.  There  are  numerous  lakes  and  miles 
of  rivers  throughout  the  Basin.  The  most  notable 
recreation  area  is  Mt.  Rainier  National  Park.  Point 
Defiance  Park  within  the  city  of  Tacoma  is  an 
excellent  large  urban  park  of  the  type  which  is 
needed  in  heavily  populated  cities. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  III,  Hydrology. 

The  present  condition  of  many  stream  and  river 
channels  in  the  Basin  is  partly  the  result  of  nearly  a 
century  of  exploitation  by  man  with  only  the  last  few 
years  devoted  to  efforts  to  protect  and  rehabilitate 
the  environment.  Streambank  erosion  is  severe  in 
areas  where  sediment  and  debris  is  reduce  channel 
capacity. 
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BUILT-UP  AREAS 


Ti  WATERSHED  BOUNDARY  PUYALLUP  BASIN 

GENERALIZED  LAND  USE  MAP 


Sediment  problems  in  the  Basin  occur  locally 
where  logging,  construction,  or  farming  has  resulted 
in  erosion.  Some  usable  land  adjacent  to  rivers  has 
been  lost  owing  to  sloughing  of  banks.  The  deposition 
of  sediment  in  reservoirs  and  at  the  mouth  of  the 
Puyallup  River  has  caused  some  problems. 


PRESENT  LAND  USE 

The  system  includes  many  flood  and  drainage 
problem  areas  which  require  corrective  measures 
before  their  potential  can  be  attained.  The  lower 
flood  plain  contains  about  27 /MX)  acres  of  level  or 
gently  undulating  bottom  lands.  South  of  Tacoma, 
the  land  becomes  relatively  level,  and  problems  with 
winter  flooding  frequently  occur.  The  eastern  reaches 
of  the  Basin  contain  steep,  mountainous  valleys  with 
turbulent  streams  (see  Figure  9-1).  The  ownership 
distribution  of  the  Basin's  lands  are  shown  on  Figure 
9-2. 

The  broad  categories  of  land  use  are  given  in 
Table  9-1.  No  attempt  is  made  here  to  quantify 
mulitple-use  management  of  lands  such  as  for  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. 


TABLE  9-1.  Praaant  land  uaa  by  sub-baslnt1 


Land  Um 

Puyallup 
River  Basin 

Total 

Waters 

Total 

(acres) 

(acres) 

lacratl 

Cropland 

31,400 

5,463 

36,853 

Rangeland 

1,778 

3,906 

5,683 

Forast3 

S66.637 

36,702 

693,339 

Rural  non-farm 

14.306 

11.424 

26,729 

Urban  built-up 

22,406 

76.038 

97,446 

Fradi  watar 

8,396 

2.901 

11,297 

Total 

634.924 

136,423 

770,347 

1 Unadjusted  rneanirementi,  1966,  for  Puget  Sound  Araa 
Study.  Tabulations  by  A DP.  First  three  figures  are  significant 
figures  for  acreages. 


3 I ndudas  non-forestad  land  normally  associated  with  forest. 


SOILS 

A medium  intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  and  national 
park  boundaries.  Lands  within  the  national  forests 
and  national  parks  were  mapped  from  a reconnais- 
sance-type survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Pierce  and  King  Counties  and  their 
locations  are  shown  on  maps.  The  soil  survey  report  is 
available  in  libraries  and  in  local  offices  of  the  United 
States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  759,000  acres  in  the 
Puyallup  Basin  has  a medium-intensity  survey  on 
454,200  acres  and  a low-intensity  survey  on  304,800 
acres.  Of  the  454,200  acres,  284,400  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
163,000  acres  are  classified  in  Land  Capability  Class 
VII,  and  6,900  acres  in  Class  VIII  (Figure  9-3). 

Lands  in  the  Land  Use  Capability  Classes  (I 
through  VI  (284,400  acres)  have  the  greatest  poten- 
tial for  development;  i.e.,  changed  use  or  improved 
use.  Land  Use  Capability  Classes  II,  III,  and  IV  may 
be  suited  for  either  crops  or  urban  uses,  and  Class  VI 
hat  potential  for  urban  development.  Most  of  the 
Class  II  and  Class  VI  has  potential  for  urban 
development.  Most  of  the  Class  II  and  Class  III  lands 
in  this  basin  are  subject  to  flooding  and  have  wetness 
conditions  which  present  hazards  for  many  developed 
uses.  Class  VII  is  expected  to  be  largely  limited  to 
forest  use  and  Class  VIII  for  recreation  or  aesthetic 
use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  9-2  and  9-3  which  follow  give  a tabula- 
tion of  capability  subclasses  and  specific  wetness 
conditions  for  surveyed  lands  in  this  basin. 
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GENERALLY  NOT  SUITED  FOR  CULTIVATION 


TABLE  9-2.  Lind  conditions  by  capability  classes  in  Puyallup  Basin  (in  acres)1 


Subclasses1 2 3 

Class 

Total 

Class  e w 

t 

ew 

es 

we 

ws 

se 

sw 

II 

26,923 

26,923 

III 

2,177 

17,415 

20,242 

39,834 

IV 

49,520 

64,486 

36 

9,396 

4,964 

128,391 

V 

219 

219 

VI 

24,402 

13,446 

22,046 

5,247 

23,864 

89,004 

VII 

161,663 

1.313 

162,976 

VIII 

2,011 

114 

4,737 

6,862 

TOTAL 

76,933 

80,223 

183,743 

17,415 

68,077 

28,818 

454,209 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps.  First  three 
figures  are  significant  figures  for  acreages.  Does  not  include  land  within  national  forests  and  national  parks. 

2 Letters  far  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e-erosion;  w-wetness;  s-soil. 


TABLE  9-3.  Land  with  wetness  condition  by  capa- 
bility claieet,  Puyallup  Batin  (in  acre*) 1 


All  land  in  basins2 

Cropland  in  basin 

Cropland 

Land 

Total 

With 

With 

Capability 

All 

Wetness 

Total 

Wetness 

Classes 

Land 

Condition 

Cropland 

Condition 

lest) 

(ttLl 

II 

26,923 

26,923 

26,577 

26,677 

III 

39,834 

38,834 

1,967 

1,967 

IV 

128.391 

73.882 

9.309 

5.728 

Subtotal 

196,148 

140,639 

36,853 

33,272 

V 

219 

219 

0 

0 

VI 

89,004 

18,693 

0 

0 

VII 

162,976 

1,313 

0 

0 

VIII 

6,862 

4.861 

0 

2- 

Subtotal 

259,061 

25,076 

0 

0 

TOTAL 

464,209 

165,715 

36,853 

33,272 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study,  bated  on  National  Cooperative  Soil  Survey  maps.  F list 

three  figures  are  significant  figures  for  acreages. 

3  Doss  not  include  land  in  national  forests  and  national 
parks. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

In  the  Puyallup  Basin,  three  broad  categories  of 
needs  protection  from  floodwater  damage,  measures 
for  watershed  protection  and  rehabilitation,  and 
measures  for  water  management -are  present  in  vary- 
ing degrees  of  intensity  according  to  land  use.  About 
36,853  acres  are  devoted  to  cropland  use  at  the 
present  time  593,339  acres  are  in  forest  (including 
some  areas  of  non-forested  land);  5,683  acres  are  in 
rangeland;  and  123,175  acres  are  in  more  intensive 
land  uses.  According  to  Appendix  VII,  Irrigation, 
3.7(H)  acres  were  under  irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction.  Watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acres  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area,  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  and  other  land 
aru  water  needs,  makes  it  necessary  to  initiate  an 
early  action  program  of  development  to  avoid  costly 
misuse  of  the  land  resource.  An  obvious  need  in  this 
Basin  is  for  improved  floodwater  damage  reduction 
on  the  Puyallup  River  Hood  plain,  particularly  up- 
stream from  the  town  of  Sumner,  as  described  in 
Appendix  XII,  Flood  Control,  and  for  flood  preven- 
tion and  drainage  facilities  to  be  installed  on  five 
watersheds  considered  to  be  in  need  of  improvements 
to  accommodate  orderly  development  of  the  Basin. 
Details  of  these  early  action  projects  are  found  in  the 
Means  to  Satisfy  Needs  section. 

The  Puyallup  Basin, especially  between  Tacoma 
and  Puyallup  and  on  the  Fort  Lewis  Military  Reserva- 
tion, is  experiencing  an  industrial  and  residential 


boom.  This  rapid  increase  is  expected  to  continue  in 
the  future  and  the  loss  of  prime  agricultural  land  is 
considered  a certainty  unless  proper  zoning  laws  are 
enacted. 

The  estimated  number  of  acres,  according  to 
land  use,  that  will  require  protective  and  development 
measures  by  the  years  1980,  2000,  and  2020  are 
tabulated  in  Table  9-4.  The  same  land  area  may 
require  more  than  one  of  these  practices. 


TABLE 
merit 1 

9-4.  Future  needs  for 

watershed 

manage- 

Year 

Floodwater 
Dam  age  ^ 
Reduction^ 

Watershed 
Protection  & 
Rehab.  ® 

Drainage 

Improve- 

ment^ 

Irrigation 

Develop-"* 

ment^ 

I acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

33,400 

39.0835 

11,952 

8,000 

2000 

33,400 

37,3835 

19.920 

10,000 

2020 

33,400 

35,683® 

26,5596 

25,000 

Intensive  Land  Use 

1980 

14,660 

123,175 

123,175 

0 

2000 

14,660 

123,567 

123,567 

0 

2020 

14,660 

198,483 

198,483 

0 

Forested  Land7 

1980 

0 

593,339 

0 

0 

2000 

0 

593,339 

0 

0 

2020 

0 

524,884 

0 

81,900s 

Unclassified  Land 

1980 

0 

3,453 

0 

0 

2000 

0 

4,761 

0 

0 

2020 

0 

0 

0 

0 

^ Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures, 
y 

Includes  overbank  flooding  of  main  streams. 

3 Needed  for  full  agricultural  development  (see  Appendix  V, 
Water- Related  Land  Resources,  chapter  2,  Agriculture). 

^ According  to  Appendix  VII,  Irrigation,  there  were  3,700 
acres  (using  8,769  acres  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  projections  show  6,200  acres  irrigated  by 
1980,  1 1,200  acres  by  2000,  and  13.700  acres  by  2020. 

® Includes  5,683  acres  of  rangeland. 

® Does  not  agree  with  Table  9-3  due  to  land  use  changes 
during  time  lapse. 

^ Includes  some  non-forested  land  commonly  associated 
with  forests. 

O 

Potential  irrigation  of  forests  (see  Appendix  V,  Chapter  3, 
Forestry). 
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Table  9-5  shows  drainage  groups  in  the  water-  drainage  needs  for  expected  land  uses  in  the  Basin  are 
sheds  of  the  Puyallup  Basin,  with  the  acreage  of  land  derived, 
failing  into  each  group.  Front  this  and  other  data  the 


TABLE  9-5.  Drainage  groups  in  Puyallup  Basin1  (in  acres)2 


L 

1 

Watershed 

River  Basins 

N 

Area 

And 

£ 

No3 

Watersheds 

01 

02 

03 

04 

05 

06 

07 

06 

09 

10 

11 

12 

13 

14 

15 

16 

Total 

Puyallup  River 

1 

7-1 

White  River 

4.506 

301 

1,775 

617 

0 

497 

16.493 

8 

102 

20 

16.500 

374 

15 

20 

0 

6.311 

47,538 

2 

7-2 

Carbon  River 

4?S 

0 

30 

0 

0 

73 

1,206 

0 

5.983 

0 

105 

72 

10 

27 

0 

1.430 

9,363 

3 

7 3 

Puyallup  River 

5.634 

0 

553 

67 

3 

1.261 

11.292 

143 

10.969 

37 

6.692 

1.017 

165 

76 

0 

8.735 

46.634 

4 

7-4 

South  Praire  Creek 

107 

0 

104 

0 

3 

146 

2.619 

10 

4.219 

0 

1.061 

55 

30 

105 

0 

711 

9.160 

5 

Total 

10.671 

301 

2,462 

684 

6 

1,977 

31.612 

161 

21,263 

57 

24.348 

1,518 

220 

228 

0 

17,187 

112.695 

Puget  Sound  Drainages 

6 

038 

Hylebos  Creek 

1.202 

0 

376 

1 

0 

654 

334 

1 

34 

152 

9.159 

617 

0 

122 

0 

188 

12.840 

7 

039 

Wapeto  Creek 

1.812 

0 

24 

0 

0 

22 

530 

0 

2 

0 

1,173 

753 

11 

8 

0 

1.039 

5.374 

8 

040 

F ort  Lewis  T acoma 

-JLS6&- 

. o 

27 

0 

888 

5.449 

23 

647 

215 

21.297 

1,120 

388 

11 

0 

65 

34.801 

9 

Total 

6.682 

0 

1,395 

28 

0 

1.564 

6.313 

24 

683 

367 

31.629 

2,490 

399 

149 

0 

1,292 

53.015 

10 

Grand  T otai 

17,353 

301 

3,867 

712 

6 

3.541 

37.925 

185 

21.946 

424 

56.977 

4.008 

619 

377 

0 

18.479 

165.710 

1 Descriptions  of  drainage  group;,  are  found  in  the  Meant  to  Satisfy  needs  section  of  the  Area  report. 

3 Unadiusted  measurements.  1966.  for  Puget  Sound  Area  Study.  Tabulations  by  ADP.  Read  three  significant  figures 
3 See  F re  9-1  for  location. 


MEANS  TO  SATISFY  NEEDS 


Population  in  the  Puyallup  Basin  is  expected  to 
reach  1 ,190,900  people  by  2020.  To  satisfy  the  needs 
of  this  many  people  a plan  consisting  of  programs  and 
projects  for  protection  and  development  of  the  land 
and  water  resouices  has  been  devised.  The  wise  use 
and  development  of  these  resources  can  supply  the 
spatial  needs  and  aesthetic  wants  of  the  growing 
population.  The  needs  as  developed  in  other  appen- 
dices have  been  considered  in  this  appendix  as  related 
to  the  land  and  water  resources  of  the  Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin's  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserve  and  enhance  fish. 


wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices,  to  provide 
for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  9-1  in  Present  Status  indicates  by  sub- 
basins the  present  land  use.  Table  9-6  summarizes  by 
time  periods  the  estimated  future  use  of  the  land. 


TABLE  9-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest1 

Urban 

Built- 

up2 

Fresh 

water 

Misc. 

uses3 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

33,400 

5,683 

593.339 

123,175 

11.297 

3,453 

770,347 

2000 

31,700 

5.683 

593,339 

123.667 

11.297 

4.761 

770.347 

2020 

30,000 

5.683 

524,884 

198.483 

11.297 

0 

770.347 

1 Includes  non-forest  lend  normally  associated  with  forest. 

2 Rural  non-farm  is  assumed  to  be  all  urban  by  1960.  Built-up  is  based  on  average  urban  density  of  six  persons  per  acre. 

3 Unspecific  uses  including  land  in  transitional  usage. 
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Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  becomes 
practical.  Loss  is  limited  to  tolerable  values  by 
restricting  development  on  hazardous  areas. 

Watersheds  require  varied  combinations  and 
intensities  of  management  according  to  the  capability 
of  the  land  and  its  use.  Programs  are  planned  to 
stabilize  land  and  related  water  and  thus  benefit  most 
functional  uses  of  water.  Specific  objectives  for 
improveme- . may  be  selected  for  project  purposes. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  satisfaction  of  the 
needs  as  brought  out  in  the  Needs  discussion  will 
utilize  the  program  and  project  approach,  as  ex- 
plained in  the  Puget  Sound  Area  section.  The  plan 
will  guide  the  development  of  the  resources  of  the 
Puyallup  Basin  to  provide  for  spatial  and  associated 
requirements  for  the  expected  population  of  its 
service  area  to  the  year  2020.  Flood  prevention  and 
low  flow  augmentation  projects  would  be  highly 
beneficial  for  fish,  wildlife,  and  recreation  areas  on  a 
number  of  streams,  particularly  the  Carbon  and 
Upper  White  Rivers. 

Early  Action  Projects 

Several  projects  will  be  initiated  prior  to  1980 
to  remedy  existing  floodwater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 


continued  use.  Table  9-7  describes  projects  in  the 
early  action  plan. 

The  Algona-Pacific  Watershed  Area  7-1,  Figure 

9-1  outlets  into  the  White  River  upstream  from 
Sumner.  It  occupies  the  relatively  level  flood  plain 
and  a portion  of  the  glacial  morain  on  the  west  side 
of  the  White  River.  The  valley  is  utilized  for 
agricultural  and  urban  purposes  and  the  hill  land  is 
heavily  forested  mostly  in  mixed  stands  of  Douglas-fir 
and  red  alder.  This  area  is  rapidly  being  urbanized  and 
none  of  it  is  expected  to  remain  in  commercial  forest. 
The  steep  slopes  of  the  hills  is  a critical  erosion  area 
and  should  remain  either  in  forest  or  great  care 
should  be  taken  in  the  developments  which  are  placed 
in  this  area. 

The  project  is  designed  for  flood  prevent  ion  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  6,457  acres  of  land,  of 
which  1,502  acres  are  cropland,  1,435  acres  are 
forest,  and  3,520  acres  are  rural  non-farm  and  urban. 

The  works  of  improvement  will  consist  of  12 
miles  of  improved  and  stabilized  channel. 

Installation  cost  is  estimated  to  be  S594.1 30,  of 
which  the  Federal  share  is  $443,790,  and  the  local 
share  is  $150,340.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  1 .6  to 
1 . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $108,810,  drain- 
age measures  estimated  to  cost  $225,466,  and  forest 
protection  and  management  practices  costing 


TABLE  9-7.  Costs  and  benefited  areas,  early  action  projects  recommened  for  installation  by  1980 


Watershed  Area  No. 
and  Name1 

Project 

Area 

Project 

Structural 

Measures 

Cost2 

Flood- 

water 

Protec- 

tion 

Drainage 

Improve- 

ment 

(acres) 

(dollars) 

(acres) 

(acres) 

7-1  Pacific-Algona3 

6,467 

694,000 

1,688 

1,444 

7-3  Clear  Creek4 

8,060 

1,901,000 

2,364 

6,687 

0-38  Hytebos  Creek 

16,000 

642.000 

2,376 

1.258 

039  Wapato  Creek 

6,407 

979,000 

3,243 

1,699 

040  Fort  Lewis-T acoma5 

88.092 

856.000 

4,990 

805 

Total 

126,016 

4.972.000 

14,661 

11,793 

1 See  Figure  9-1  for  location. 

2 1967  price* 

3 Part  of  White  River  Watershed 

4 Part  of  Puyallup  R iver  Watershed. 

5 Part  of  watershed. 
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$32,546,  for  a total  of  $366,822.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $960,952. 

Clear  Creek  Watershed  Area  7-3,  Figure  9-1  is 
located  on  the  cast  side  and  adjacent  to  the  city  of 
Tacoma.  The  watershed  is  drained  by  four  streams 
which  originate  on  the  terrace  upland  and  flow 
northward  into  the  flood  plain  of  the  Puyallup  River. 
These  streams  join  together  in  Clear  Creek  and  outlet 
into  the  Puyallup  River.  Flood  and  drainage  problems 
on  the  upland  terrace  area  are  caused  by  inadequate 
channels  and  floods  on  the  flood  plain  are  due  to 
both  inadequate  channels  and  poor  outlets. 

The  forest  land  is  restricted  to  the  upland 
portion  of  the  watershed.  The  most  critical  erosion 
area  is  where  the  uplands  rise  sharply  from  the 
bottom  land  and  protective  measures  arc  needed  on 
the  slope  to  insure  stability  of  the  soil. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  included  in  this  watershed 
contains  8,060  acres,  of  which  790  acres  are  crop- 
land, 990  acres  are  forest,  6,165  acres  rural  non-farm 
and  urban,  and  1 1 5 acres  in  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  21 
miles  of  improved  and  stabilized  channel  and  one 
outlet  structure  consisting  of  floodgates  and  pump. 

Installation  cost  is  estimated  to  be  $1,900,660, 
of  which  the  Federal  share  is  $1,101,400,  and  the 
local  share  is  $799,260.  Benefits  from  damage  reduc- 
tion and  drainage  will  provide  a benefit-cost  ratio  of 
1 .3  to  I . To  achieve  benefits  made  possible  by  the 
structural  works  and  other  management  during  a 15 
year  period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $57,240,  drain- 
age measures  expected  to  cost  $1,197,187  and  forest 
protection  and  management  practices  costing 
$22,453  for  a total  of  $1,276,880.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $3,177,540. 

Hylebos  Creek  Watershed  Area  0-38,  Figure  9-1 

is  located  between  Seattle  and  Tacoma  and  outlets 
into  Commencement  Bay  at  Tacoma.  The  lower  part 
of  the  watershed,  the  portion  on  the  Puyallup  River 
flood  plain,  is  agricultural  and  urban;  however,  this 
will  probably  become  industrial  in  the  not  too  distant 
future.  Flood  and  drainage  problems  are  caused  by 
inadequate  channels  and  lack  of  maintenance  of 
existing  channels. 

All  the  upland  of  this  watershed  was  well 


forested  with  young  growth  Douglas-fir  up  until  30 
years  ago.  Since  then  there  has  been  a gradual 
acceleration  of  urbanization  until  only  a few  blocks 
of  forest  cover  remain,  and  even  these  are  dotted  with 
suburban  residences.  Some  effort  should  be  made  to 
reserve  part  of  these  remaining  tracts  for  parks. 
Development  around  the  many  small  lakes  should  be 
planned  to  preserve  the  attractiveness  of  the  land- 
scape and  prevent  pollution  of  the  water  resources. 
The  steep  slope  from  the  upland  plateau  to  the  valley 
is  the  most  critical  erosion  area  and  developments 
here  should  be  established  with  care. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  included  contains  16,000  acres, 
of  which  1,281  acres  are  cropland,  7,239  acres  are 
forest,  7,303  acres  rural  non-farm  and  urban,  and  177 
acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  7 
miles  of  improved  and  stabilized  channel  and  one 
outlet  structure  consisting  of  floodgates  and  pump. 

Installation  cost  is  estimated  to  be  $642,480,  of 
which  the  Federal  share  is  $386,130,  and  the  local 
share  is  $256,350.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit -cost  ratio  of  1 .5  to 
1 . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $92,812,  drain- 
age measures  expected  to  cost  $281,375,  and  forest 
protection  and  management  practices  costing 
$164,180  for  a total  of  $538,367.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $ 1 ,1 80,847. 

Wapato  Creek  Watershed  Area  0-39,  Figure  9-1 

is  entirely  on  the  north  side  of  the  flood  plain  of  the 
Puyallup  River  and  outlets  into  Commencement  Bay. 
The  lower  end  of  the  watershed  is  an  industrial  area 
and  this  area  is  expanding  up  the  valley.  Most  of  the 
area  is  a high  producing  agricultural  region;  however, 
it  is  adjacent  to  both  Tacoma  and  Puyallup  and 
urbanization  is  proceeding  rapidly.  Only  13  percent 
of  the  land  remains  in  forest  and  this  forest  land  is 
restricted  to  the  upland  portion.  The  most  critical 
erosion  area  is  where  the  uplands  rise  sharply  from 
the  bottom  land.  Protective  measures  are  needed  on 
this  slope  to  insure  stability  of  the  soil. 

The  project  as  designed  is  for  flood  prevention 
of  agricultural  and  urban  areas,  and  drainage  of 
agricultural  lands.  The  area  contains  6,407  acres  of 
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land  o!  which  1 ,69*)  acres  are  cropland,  829  acres  are 
forest,  3,859  acres  rural  non-farm  and  urban,  and  20 
acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  7 
miles  of  improved  and  stabili/.ed  channel  and  one 
outlet  structure  consisting  of  floodgates  and  pump. 

Installation  cost  is  estimated  to  be  $979,3 10,  of 
which  the  Federal  share  is  $604,470,  and  the  local 
share  is  $374,840.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  1 .3  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $ 1 23,098,  drain- 
age measures  expected  to  cost  $365,867,  and  forest 
protection  and  management  practices  costing 
$18,802,  tor  a total  of  $507,767.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $1 ,487,077. 

Clover  Creek  Watershed  Area  0-40, Figure  9-1  is 
located  on  the  south  and  west  side  of  Tacoma  and 
flows  through  McChord  Air  Force  Base.  Clover  Creek 
is  tributary  to  Stcilacoom  Lake  which  in  turn  outlets 
through  Chambers  Creek  and  Chambers  Bay  into 
Puget  Sound. 

Much  of  the  area  within  this  watershed  is  urban 
and  industrial.  Some  forest  remains  but  urbanization 
is  gradually  eliminating  the  forest. 

Clover  Creek  has  inadequate  or  blocked  chan- 
nels and  a flat  gradient.  Agricultural  areas  in  the 
upper  watershed  are  handicapped  by  floodwater  and 
poor  drainage  conditions. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  88,092  acres,  of  which 
l,°78  acres  are  cropland,  22,907  acres  are  forest, 
60,241  acres  rural  non-farm  and  urban,  and  2,966 
acres  miscellaneous  uses. 

The  works  of  improvement  will  consist  of  14 
miles  of  improved  and  stabilized  channels. 

Installation  cost  is  estimated  to  be  $855,625,  of 
which  the  Federal  share  is  $489,190,  and  the  local 
share  is  $366,435.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  1 .6  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $143,302,  drain- 
age measures  expected  to  cost  $166,868,  and  forest 


protection  and  management  practices  costing 
$519,531,  for  a total  of  $829,701 . The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $ 1 ,685,326. 

Projects  after  1980 

Projects  for  the  years  1980-2000  are  shown  in 
Table  9-8  with  their  expected  costs.  Benefits  and 
benefit-cost  ratios  have  not  been  computed  past 
1980.  Total  installation  costs  are  anticipated  to  be 
$4,167,000. 


TABLE  9-8.  Costs  of  projects  recommended  for  instal- 
lation after  1980 


Watershed  Area  No. 
and  Name' 

Project 

Areas 

Struc.  Meas. 
Installation 
Cost2 

(acres) 

(dollars) 

1980-2000 

7-1  White  River  J 

307.682 

1,667.000 

7-2  Carbon  River 

87.590 

200,000 

7-3  Puyallup  River  3 

160.763 

1,500.000 

7-4  South  Prairie  Creek 

55.976 

800,000 

Total 

612,011 

4.167,000 

* See  Figure  9-1  for  location. 

2 1967  prices. 

2 Portions  of  watersheds  to  be  completed. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  9-9  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 

Summary  of  Costs 

Costs  for  the  Puyallup  Basin  plan  (project  costs 
plus  program  costs,  rounded  to  the  nearest  thousand 
dollars)  are  expected  to  be  $140 ,(>44,000  for  the 
early  action  program:  $98,290,000  for  the  years 
1980-2000;  and  $138,264,000  Tor  the  years  2000 
through  2020.  Total  cost  of  the  plan  will  be 
$377,198,000.  See  page  2-89  et  seq.;  also  page  2-95. 
Table  2-20,  for  further  explanation  of  costs. 
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TABLE  9-9.  Water  shad  management  practices  for  protection  and  development,  by  time  periods,  Puyallup 

Basin 

Practices 

Area 

Cost1 

(acres) 

(thousands  of  dollars) 

First  15  Years 

T echmcel  assistance  ft  management 

635.8752 

10.539 

Federal,  regular 

10.094 

Federal,  accelerated 

445 

Installation  of  practices  (non-Federal) 

125,133 

State  ft  corporate  management 

7,897 

Lend  treatment 

325,701 

3,745 

Vreter  management 

11.962 

2.790 

Urban  drainage 

82.001 

110.701 

Total 

135,672 

19862000 

T echnical  assistance  ft  management 

635, 4832 

19,764 

Federal,  regular 

19.171 

Federal,  accelerated 

593 

Installation  of  practices  (non-Federall 

74.359 

State  ft  corporate  management 

10,529 

Land  treatment 

325.309 

• 4.967 

Water  management 

14.607 

* 2.759 

Urban  drainage 

41.566 

• 56.114 

Total 

94.123 

2000-2020 

T echnical  assistance  ft  management 

560.5672 

19.564 

Federal,  regular 

19.564 

Federal,  accelerated 

0 

Installation  of  practices  1 non-Federal) 

118,700 

State  ft  corporate  management 

10.529 

Land  treatment 

250,393 

* 4,034 

Water  management 

15.000 

• 3,000 

Urban  drainage 

74.916 

•101.137 

Total 

138.264 

1 B«e:  1967  prion,  except  item*  esterisked  which  an  1967  adiusted  normalized  price*.  See  pape  2-89  at  aaq.  for  further 
explanation  of  cotts. 

2 Total  acres  in  Basin  involved  in  program  measures. 
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NISQUALLY  BASIN 


The  Nisqually  Basin  includes  parts  of  three 
counties.  About  60  percent  of  the  Basin  lies  in 
southern  Pierce  County,  30  percent  in  northern  Lewis 
County,  and  the  remaining  10  percent  in  northeastern 
Thurston  County. 


The  Nisqually  River  drains  an  area  of  approxi- 
mately 720  square  miles.  The  principal  tributaries  are 
Muck  Creek  and  Mashel  River,  which  enters  the 
Nisqually  River  below  LaGrande  Canyon. 


PRESENT  STATUS 


In  1963  the  population  was  19,500,  and  projec- 
tions of  population  indicate  that  by  1980  it  will  be 
22,000;  by  2000,  31 ,700;  and  by  the  year  2020  will 
reach  46,100.  Present  population  density,  based  on 
urban  and  rural  non-farm  lands,  is  1 .65  people  per 
acre. 

Forests  are  by  far  the  biggest  user  of  land  in  the 
Basin,  with  cropland  running  third.  Farming  is  of  a 
mixed  variety.  Livestock  raising,  dairying,  berry 
growing,  poultry  raising,  and  specialty  crops,  such  as 
bulbs,  flower  plants,  commercial  shrubs,  and  herbs 
play  an  important  part  in  the  economic  welfare  of  the 
Basin.  The  total  value  of  farm  production  is  over  $10 
million  annually. 

Logging,  lumbering,  and  the  production  of 
forest  products  have  always  been  the  Basin’s  econo- 
mic mainstay.  Forested  lands,  including  non-forested 
areas  normally  associated  with  forest,  comprise 
approximately  380,000  acres.  Farming,  although  not 
as  important  as  the  forest  industry,  makes  use  of 
almost  30,000  acr's  within  the  Basin.  Electric  power 
is  generated  at  the  Alder  Dam  near  Elbe.  Fort  Lewis, 
a large  army  training  facility,  is  located  partly  within 
the  Nisqually  Basin  and  plays  a substantial  part  in  the 
Basin’s  economy.  Recreation,  especially  hunting  and 
fishing,  is  important  to  the  economy  of  the  Basin. 

The  Nisqually  River  Basin  present  considerable 
stream  and  streambed  area  suitable  for  anadromous 
fish  use.  These  fish  inhabit  the  mainstem  Nisqually 
River  for  some  42  miles  to  the  city  of  Tacoma  dam  at 
LaGrande.  Accessible  tributary  streams  offer  approxi- 
mately 80  additional  miles  of  suitable  spawning  and 
rearing  area. 

The  Nisqually  flood  plain,  which  contains  the 
richest  soils  of  the  Basin,  has  heavy  waterfowl  use. 
The  fur-bearing  animal  group  includes  a wide  variety 
of  animals  with  varied  habitat  requirements.  The 


varied  species  of  upland  game  are  the  most  widely 
distributed  of  the  major  wildlife  groups.  Native 
species  utilize  the  native  wood  land  habitat  and 
introduced  exotics  have  been  established  in  the  area 
devoted  to  agriculture.  Large  amounts  of  the  Basin’s 
land  area  is  in  some  form  of  woodland  cover  and 
provides  habitat  for  big  game. 

Mount  Rainier  National  Park  is  the  most 
significant  recreation  feature  of  the  Basin.  There  are 
also  numerous  lakes  and  several  rivers  affording 
recreation  opportunities. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  III,  Hydrology. 

The  present  condition  of  many  stream  and  river 
channels  in  this  Basin  is  partly  the  result  of  nearly  a 
century  of  exploitation  by  man  with  only  the  last  few 
years  devoted  to  efforts  to  protect  and  rehabilitate 
the  environment.  Streambank  erosion  is  severe  in 
areas  where  sediment  and  debris  reduce  channel 
capacity. 

The  headwaters  of  the  Nisqually  River  and 
some  of  its  tributary  streams  are  fed  by  glacial  melt 
water.  During  periods  of  warm  weather  runoff  from 
this  area  is  high  and  streams  are  turbid  and  sediment 
laden.  During  winter  months  glacial  flow  is  less  and 
the  amount  of  sediment  transported  is  considerably 
leu. 


NISQUALLY  BASIN 

GENERALIZED  LAND  USE  MAP 


PRESENT  LAND  USE 


SOILS 


The  Nisqually  Basin  provides  the  sixth  largest 
valley  system  in  the  Puget  Sound  Area.  The  system 
includes  many  flood  and  drainage  problem  areas 
which  require  coreective  measures  before  their  poten- 
tial can  be  attained.  The  lower  flood  plain  contains 
about  6,000  acres  of  level  or  gently  undulating  river 
bottom  lands.  Much  of  the  cropland  is  above  the 
flood  plain  on  benchland  terraces.  The  eastern  por- 
tion of  the  Basin  has  rugged  terrain  reaching  an 
elevation  of  14,408  feet  at  the  summit  of  Mount 
Rainier  (see  Figure  10-1).  The  ownership  distribution 
of  the  Basin’s  lands  are  shown  on  Figure  10-2. 

The  broad  categories  of  land  use  are  given  in 
Table  10-1  which  follows.  No  attempt  is  made  here  to 
quantify  multiple-use  management  of  lands  such  as 
for  game  habitat,  recreation,  water  quality,  or  low 
flow  augmentation. 


TABLE  10-1.  Present  land  use  1 


Land  U*a 

Nisqually 

Batin 

Total 

(acres) 

(acres) 

Cropland 

29,364 

29,264 

Rangeland 

34,008 

34,006 

Forest2 

379,676 

379,676 

Rural  non-farm 

6,368 

6,368 

Urban  Built-up 

6,481 

6,481 

Frith  water 

7,468 

7.468 

Total 

462.264 

462,264 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Arse 
Study.  Tabulations  by  A DP.  First  three  figures  ate  signflcant 
figures  for  acreages. 

2 Includes  alpine  and  non-forested  areas  normally  etaorletart 
with  fofvit. 


A medium  intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  and  national 
park  boundaries.  Lands  within  the  national  forest  and 
national  parks  were  mapped  froma  a reconnais- 
sance-type survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Pierce,  Lewis  and  Thurston 
Counties  and  their  locations  are  shown  on  maps.  The 
soil  survey  report  is  available  in  libraries  and  in  local 
offices  of  the  United  States  Department  of  Agricul- 
ture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  454,800  acres  in  the 
Nisqually  Basin  has  a medium-intensity  survey  on 
363,500  acres  and  a low-intensity  survey  on  91300 
acres.  Of  the  363,500  acres,  208,100  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
154,200  acres  are  in  Class  VII,  and  1,200  acres  in 
Class  VIII  (Figure  10-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (208,100  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  this  Basin  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VIII  for  recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units,  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  10-2  and  10-3  which  follow  give  a 
tabulation  of  capability  subclasses  and  specific  wet- 
ness conditions  for  surveyed  lands  in  this  basin. 
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TABLE  10-2.  Land  conditions  by  capability  classes  in  Nisqually  Basin  (in  acres)1 


Subcli 


Class  e 

w 

I 

ew 

OS 

MW 

tvs 

se 

mr 

Total 

II 

III 

IV 

V 

596 

1.069 

40.130 

833 

30,297 

40 

1,848 

35.143 

5.815 

14,279 

8,738 

1,930 

847 

6.411 

51.354 

83,790 

VI 

VII 

VIII  

21,203 

1.649 

9.283 

8,628 

152,153 

3.043 

372 

1,236 

24,424 

0 

66,580 
154,174 
1 236 

TOTAL 

64.636 

40,4 13 

162,669 

36,143 

33,483 

26,354 

847 

363,545 

Ml . - " V^WPCBUYCOWM  ourvey  map*,  rim 

f igurM  art  significant  figures  for  acreages.  Does  not  include  land  within  national  forests  and  national  parks. 

Letten  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e-erosion;  w- wetness;  s-soil. 


TABLE  10-3.  Land  with  wetness  condition  by  capa- 
bility classes,  Nisqually  Basin  (in  acres)1 


Land 

Capability 

Claeass 

All  land  in  hesin2 

Total 

All 

Land 

With 

Wetness 

Condition 

Total 

Ctooland 

Cropland 

With 

Wetness 

Condition 

lest) 

(est) 

II 

6,411 

5,815 

6,090 

5,524 

III 

61,364 

50.266 

15,262 

14,936 

IV 

83.790 

39.882 

7.902 

3.761 

Subtotal 

141,566 

96,962 

29,254 

24.220 

V 

0 

0 

0 

0 

VI 

86.580 

12.326 

0 

0 

VII 

164,174 

372 

0 

0 

VIII 

1.236 

1.236 

0 

0 

Subtotal 

221,990 

13,934 

0 

0 

TOTAL 

363.545 

109,886 

29.254 

24,220 

1 Unadjusted  measurements,  1866.  for  Puget  Sound  Arse 
Study,  baaed  on  National  Cooperative  SoH  Survey  maps.  First 
three  figures  are  sfgnf icant  figures  for  acreages. 

2 Does  not  include  land  in  national  forests  and  national 


PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

In  the  Nisqually  Basin,  three  broad  categories 
of  needs  protection  from  floodwater  damage,  mea- 
sures for  watershed  protection  and  rehabilitation,  and 
measures  for  water  management- are  present  in  vary- 
ing degrees  of  intensity  according  to  land  use.  About 
29,254  acres  are  presently  in  cropland;  609,581  acres 
are  in  forest  (including  some  areas  of  non-forest 
land);  34,008  acres  are  in  rangeland,  and  I 1 ,849  acres 
are  in  intensive  land  uses.  According  to  Appendix 
VII,  Irrigation  2,900  acres  were  under  irrigation  in 
1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction,  watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

Population  in  the  Nisqually  Basin  is  expected  to 
increase  at  a smaller  rate  than  its  neighboring  basins. 
This  projection  is  subject  to  change  if  an  investiga- 
tion, now  under  way.  determines  that  a deepwater 
port  and  industrial  complex  on  the  Nisqually  flats  is 
feasible.  Another  possiblity,  recommended  by  the 
Fish  and  Wildlife  Committee,  is  for  the  development 
of  various  wildlife  refuges  in  the  area.  Either  plan 
would  decrease  the  number  of  acres  of  land  now  in 
cropland. 

No  structural  Hood  protective  works  can  be 
economically  justified  before  1980.  A summation  of 
projects  for  the  later  time  periods  can  be  found  in  the 
Means  to  Satisfy  Needs  section  of  this  Basin. 

Some  increase  in  intensive  land  use  is  expected 
in  the  lower  portion  of  this  Basin.  The  estimated 
number  of  acres,  by  land  use,  that  will  require 


protective  and  development  measures  by  the  years 
1980,  2000,  and  2020  are  tabulated  in  Table  10-4. 
The  same  land  area  may  require  more  Ilian  one  of 
these  practices. 


TABLE  10-4.  Future  needs  for  watershed  manage- 
ment1 


Year 

F loodwater 
Damage  ? 
Reduction^ 

Watershed 
Protection  & 
Rehab.3 

Drainage 

Improve- 

ment*1 

Irrigation 

Develop-^ 

ment4 

Cropland 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

15,986 

53,9575 

3,593 

3.500 

2000 

15,986 

48,555® 

5,988 

4.500 

2020  15.986 

Intensive  Land  Use 

43,652® 

7,984® 

7,715 

1980 

840 

11,849 

11,849 

0 

2000 

840 

11.849 

11,849 

0 

2020  840 

Forested  LgiyJ7 

11,849 

11,849 

0 

1980 

0 

379,675 

0 

0 

2000 

0 

379.675 

0 

0 

2020 

0 

379.675 

0 

100,242® 

1980 

&d  Land 

0 

9,305 

0 

0 

2000 

0 

14,707 

0 

0 

2020 

0 

19,610 

0 

0 

1 Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

9 

Includes  overbank  flooding  of  main  streams. 

9 

Needed  for  full  agricultural  development  (see  Appendix  V, 
Water-Related  Land  Resources,  chapter  2,  Agriculture). 

* According  to  Appendix  VII,  Irrigation,  there  were  2,900 
acres  (using  6,873  acres  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  protections  show  4,000  acres  will  be 
irrigated  by  1980;  6,600  acres  by  2000,  and  10.800  acres  by 
2020. 

® Includes  34.008  acres  of  rangeland. 

® Does  not  agree  with  Table  10-3  due  to  land  use  changes 
during  time  lapse. 

^ Includes  non-forest  land  commonly  associated  with 
forested  areas. 

® Potential  irrigation  of  forests  (see  Appendix  V,  chapter  3. 
Forestry). 

Table  10-5  shows  drainage  groups  in  the  water- 
sheds of  the  Nisqually  Basin,  with  the  acreage  of  land 
falling  into  each  group.  From  Ibis  and  other  data  the 
drainage  needs  for  expected  land  uses  in  the  Basin  are 
derived. 


10-7 


TABLE  10  5.  Drainage  groups  in  Nisqually  Basin  1 tin  acres!2 


I Water Hivrf  B«*o" 

N Ana  *nrf 

t Mo 3 .Vni.  rthert*  01 


OJ  OJ  O*  06  06  0/  OB  00  10 


1? 


13  14  16  16  Total 


041 

0 42 
0 43 
0 44 
045 


Nmmally  Htyet 


Min  k Clteh 
Non  Tanwas  Cii 
llhoj.  tifek 
Mai  *u»i  Rivi'i 

N'S»m.|Mv  Biw*’» 


lit  >4  o 1016  0 

7*1.1  0 ‘105  10 

240  0 36  30 

00  0 182  0 

660  0 1 726  141 


0 OM  16.976  39 

0 307  16610  0 

.167  IS  3 440  0 

0 0 695  0 

1H0  1 *Ki8  6.601  8 


1.160  a 3.448  1.146 

77*1  18  1 040  678 

6.332  0 70  273 

10.706  0 78  20 

10  18*1  106  8.791  768 


1.386  0 0 3 

767  10  0 100 

5 37  0 ?6» 

0 207  0 17 

1.050  646  348  1.9 62 


as  m 

77.06? 

10  030 

11  9H4 
39  074 


Total 


7 437 


0 3.363  181  637  3 764  44  173  4 7 78  746  131  17877  7.834  1 707  8*19  348  7413  109  886 


> >i  j'-il  1 nl4l 


/ 437 


0 3.363  181  537  3.764  44  123  4 7 78  746  111  12  877  7 834  3.707  89*1  148  7 411  109  886 


* 0F.  • .non*  o*  ifrai'iaqr  qrou<«  an>  lotind  m ttu  Means  In  i>sinfv  vis  wrtion  ol  th<-  Area  reimit 
? OdirfiuiiHl  nvaamnwiH  1966  lor  Pugrf  Sound  Area  Study  Tabulation*  hy  APB  Bead  i»'u*e  *«qnifirant  Imuie* 
3 S«e  f iQuie  10  1 lor  location 


MEANS  TO  SATISFY  NEEDS 


Population  forecasts  predict  approximately 
4n,100  people  in  the  Nisqually  Basin  hy  2020.  The 
means  used  to  accomplish  the  levels  necessary  to 
meet  the  needs  of  this  expected  population  consist  of 
programs  and  projects  for  protection  and  develop- 
ment of  the  land  and  water  resources  of  this  Basin 
The  wise  use  and  development  of  these  resources  can 
supply  the  spatial  needs  and  aesthetic  wants  required 
hy  a growing  population.  The  needs  as  developed  in 
other  appendices  have  been  considered  in  this  Appen- 
dix as  being  related  to  the  land  and  water  resources  ol 
the  Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin's  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserve  and  enhance  fish, 
wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife  and  Recreation  Appendices,  to  provide 
for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 


keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  Stale  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Tabic  10-1  in  Present  Slams  indicates  by  basin 
the  present  land  use.  Table  10-6  summarizes  by  times 
periods  Ihe  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  is  practical. 
Loss  is  limited  to  tolerable  levels  hy  restricting 
intensive  use  of  land  in  hazardous  areas,  followed  by 
feasible  damage  prevention  and  enhancement  mea- 
sures for  suitable  land  use.  Programs  and  projects  are 
planned  to  stabilize  land  and  related  water  and  thus 
benefit  most  functional  uses  of  water.  Special  objec- 


TABLE  10-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range 

lend 

Forest^ 

Urban 

Built- 

2 

up* 

F resh 
water 

Misc. 

2 

uses* 

Total 

(acres) 

(acresl 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

19,949 

34.008 

379.676 

11,849 

7,468 

9.305 

462,254 

2000 

14,647 

34,008 

379,676 

11,849 

7,468 

14,707 

462,254 

2020 

9.644 

34.006 

379,675 

11,849 

7,468 

19.610 

462,254 

' Include*  alpine  and  non-forested  area*  normally  associated  with  forest. 

2 Rural  non  farm  it  assumed  to  be  all  urban  by  1980  Built-up  is  based  on  average  urban  density  of  six  persons  per  acre 
2 Unspecified  uses  including  land  >n  transition  usage. 


lives  for  improvement  may  be  selected  for  project 
purposes. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  satisfaction  of  the 
needs,  as  brought  out  in  the  Needs  discussion,  will 
utilize  the  program  and  project  approach,  as  ex- 
plained in  the  Puget  Sound  Area  section  The  plan 
will  guide  the  development  of  the  resources  of  the 
Nisqually  Basin  to  provide  for  spatial  and  production 
requiremen.s  for  the  expected  population  of  its 
service  area  to  the  year  2020.  Floodwater  protection 
and  low  How  augmentation  projects  would  be  benefi- 
cial for  fish,  wildlife,  and  recreation  areas  on  the 
Nisqually  and  Mashel  Rivers  in  particular.  All  projects 
in  this  Basin  will  be  deferred  until  after  1980. 

Projects  after  1980 

Several  projects  will  be  started  in  the 
1980-2000  and  2000-2020  time  periods  to  remedy 
existing  floodwater  and  drainage  conditions  and  to 
develop  lands  toward  their  potential  for  continued 
use.  Benefits  and  benefit-cost  ratios  have  not  been 
computed  for  projects  past  1980.  Total  installation 
costs  will  be  $3,030,000.  Table  10-7  gives  brief 
summaries  of  projects  included  in  this  plan: 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments brought  about  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  10-8  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods: 

Summary  of  Costs 

Costs  for  the  Nisqually  Basin  plan  (projects 
costs  plus  program  cost,  rounded  to  the  nearest 
hundred  dollars)  arc  expected  to  be  $21,745,000  for 
the  early  action  program;  $37,670,000  for  the  yeras 
1980-2000;  and  $25,006,000  for  the  years  2000 
through  2020.  Total  cost  of  the  plan  will  be 
$84,421,000.  See  page  2-89  et  seq.  for  further 
explanation  of  costs. 


TABLE  10-7.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No. 
and  Name1 

Project 

Area 

Struc.  Meas. 
Installation 
Cost2 

(acres) 

(dollars) 

1980-2000 
0-41  Muck  Creek 
04?  Horn-T anwax  Creek 
043  Ohop  Creek 
045  Nisqually  River 

70,532 

33,806 

27.604 

268.644 

780.000 

650.000 

300.000 
1,200.000 

TOTAL 

400,586 

2,930,000 

20002020 
044  Mashel  River 

54.200 

100.000 

TOTAL 

54,200 

100.000 

1 See  Figure  10-f  for  location. 

2 1967  prices 
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TABLE  10-8.  Watershed  management  practices  for  protection  and  development,  by  time  periods,  Nisqually 
Basin 


Practice 

Area 

Cost1 

(acres) 

(thousands  of  dollars) 

First  15  Years 

Technical  assistance  a management 

442,9372 

4,537 

Federal,  regular 

4,537 

Federal,  accelerated 

0 

Installation  of  practices  (non-Federal) 

17,206 

State  & corporate  management 

7.961 

Land  treatment 

317,714 

3,184 

Water  management 

3,593 

689 

Urban  drainage 

3,961 

5.374 

Total 

21,745 

1960-2000 

T echnicai  assistance  & management 

442,9372 

8.864 

Federal,  regular 

8.406 

Federal,  accelerated 

458 

Installation  of  practices  (non-Federal) 

25,876 

State  & corporate  management 

10,615 

Land  treatment 

317,714 

* 4,245 

Water  management 

2,396 

* 579 

Urban  drainage 

7,731 

• 10,437 

Total 

34,740 

20Q&2Q2g 

Technical  assistance  & management 

442.9372 

8.767 

Federal,  regular 

8,652 

Federal,  accelerated 

115 

Installation  of  practices  (non-Federal) 

16.139 

State  & corporate  management 

10,615 

Land  treatment 

317,714 

• 4,245 

Water  management 

3,215 

• QCQ 

Urban  drainage 

* 320 

Total 

1 Base:  1967  prices,  except  items  asterisked  which  are  1967  adjusted  normalized  prices.  See  page  2-89  et  ssq.  for  further 
explanation  of  costs. 


2 Total  acres  in  Basin  involved  in  program  measures. 
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DESCHUTES  BASIN 


The  Deschutes  Basin  includes  parts  of  two  in  eastern  Thurston  County,  with  the  remaining  10 

counties.  Approximately  90  percent  of  the  basin  lies  percent  in  northeastern  Lewis  County. 


PRESENT  STATUS 


In  1963  the  population  was  50,100,  and  projec- 
tions of  population  indicate  that  by  1980  it  will  be 
52,900;  by  2000,  72,800;  and  by  the  year  2020  will 
reach  100,400.  Present  population  density,  based  on 
urban  and  rural  non-farm  lands,  is  1 .79  people  per 
acre. 

Forestry  and  farming  are  the  main  users  of  land 
in  the  Basin.  Livestock  raising  is  the  most  common 
and  valuable  farm  industry.  Dairying,  berry  growing, 
and  poultry  raising  also  play  an  important  part  in  the 
economic  welfare  of  the  Basin.  Total  value  of  farm 
production  is  almost  $5  million  annually. 

Forestry,  including  logging,  lumbering,  and  the 
production  of  related  products,  is  probably  the  major 
industry  in  the  Basin.  Forested  lands  comprise  about 
127,000  acres,  including  non-forested  areas  normally 
associated  with  forest. 

Logging,  lumbering,  and  the  production  of 
forest  products,  have  always  been  the  Basin's  eco- 
nomic mainstay.  Today,  other  commodities  such  as 
metalcraft,  can  manufacturing,  boat  building,  cold 
storage,  and  meat  packing,  are  of  marked  importance 
and  give  the  area  a diversified  commercial  base.  The 
port  of  Olympia  comprises  over  72  acres  and  is 
equipped  to  handle  any  cargo  from  both  ocean  vessels 
and  local  water  freight.  Since  Olympia  is  the  State 
Capitol,  State  government  plays  an  important  part  in 
the  Basin’s  economy.  Mining,  farming,  and  fishing 
while  extremely  important  in  the  past,  have  become 
industries  of  minor  importance  throughout  the  Basin. 

The  artificially  created  salmon  production  from 
the  Deschutes  River  contributes  significantly  to  the 
commercial  and  sport  fisheries  of  Puget  Sound,  Strait 
of  Juan  de  Fuca  and  Pacific  Ocean  coastal  waters. 
The  marine  waters  of  the  southern  Puget  Sound 
Region  produce  a good  portion  of  the  large  Pacific 
oysters  and  very  small,  choice  Olympia  oysters  grown 
within  Puget  Sound. 

In  the  Deschutes  Basin,  habitat  is  available  to 
support  sizeable  quantities  of  big  game,  upland  game, 
and  fur-bearing  animals.  The  numerous  lakes  and 


ponds  indicate  a high  waterfowl  potential.  This 
potential  is  not  fully  realized  however,  due  to  a lack 
of  fertile  soil  and  accompanying  diversified  farming 
activity. 

The  waters  and  shoreline  of  Puget  Sound  is  the 
most  significant  recreation  feature  of  the  Basin.  There 
are  also  numerous  lakes  and  streams  affording  recrea- 
tion opportunities. 

The  climate  of  the  Basin  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  flood  flows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basin  are  given  in  Appendix  II,  Hydrology. 

The  present  condition  of  many  stream  and  river 
channels  in  this  Basin  is  partly  the  result  of  nearly  a 
century  of  exploitation  by  man  with  only  the  last  few 
years  devoted  to  efforts  to  protect  and  rehabilitate 
the  environment.  Streambank  erosion  is  severe  in 
areas  where  sediment  and  debris  reduce  channel 
capacity. 

The  sedimentation  problem  in  the  Desuchtes 
Basin  is  of  little  magnitude  when  compared  to  other 
basins  in  the  Puget  sound.  During  periods  of  high 
runoff,  areas  with  inadequate  vegetative  cover  tend  to 
release  sediment,  however,  these  areas  are  small  and 
the  overall  problem  is  slight. 


PRESENT  LAND  USE 

The  Deschutes  River  flows  into  the  Puget 
Sound  at  Budd  Inlet.  It  drains  an  area  of  287  square 
miles  and  has  no  major  tributaries.  The  Deschutes 
Basin  provides  the  third  smallest  valley  system  in  the 
Puget  Sound  Area.  The  system  includes  many  flood 
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and  drainage  problem  areas  which  require  corrective 
measures  before  their  potential  may  be  attained.  The 
lower  flood  plain  contains  about  3,000  acres  of  level 
or  gently  undulating  river  bottom  land.  Above  the 
city  of  Tenino,  the  Basin  is  composed  of  rough 
mountainous  valleys  with  turbulent  streams.  Most  of 
the  farmland  sits  above  the  flood  plain  on  glaciated 
terraces  (see  Figure  10a-l).  The  ownership  distribu- 
tion of  the  Basin's  lands  are  shown  on  Figure  10a-2. 

The  broad  categories  of  land  use  are  given  in 
Table  10a- 1 which  follows.  No  attempt  is  made  here 
to  quantify  multiple-use  management  of  lands  such  as 
for  game  habitat,  recreation,  water  quality,  or  low 
flow  augmentation. 

TABLE  10a-1.  Present  land  use1 


Land  Use 

Deschutes 

Basin 

Total 

(acres) 

(acres) 

Cropland 

16,248 

16.248 

Rangeland 

9,480 

9,480 

Forest2 

127,123 

127,123 

Rural  non-farm 

13,641 

13,641 

Urban  built-up 

14,416 

14,416 

Fresh  Water 

2,597 

2,697 

Total 

183,406 

183,406 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Arse 
Study.  Tabulations  by  A DP.  Pint  three  figures  era  significant 
figures  for  acreages. 


2 Indudes  non-forestsd  lands  normally  asaociatad  with 
forest  vm. 

SOILS 

A medium-intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  boundaries. 
Lands  within  the  national  forests  were  mapped  from 


a reconnaissance-type  survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Thurston  and  Lewis  Counties  and 
their  locations  are  shown  on  maps.  The  soil  survey 
report  is  available  in  libraries  and  in  local  offices  of 
the  United  States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  are  of  180,800  acres  in  the 
Deschutes  Basin  has  a medium-intensity  survey  on 
167,600  acres  and  a low-intensity  survey  on  1 3,200 
acres.  Of  the  167,600  acres,  1 24,500  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
42,100  acres  are  in  Class  VII,  and  1 ,000  acres  in  Class 
VIII  (Figure  10a-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (124,500  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  this  Basin  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VIII  for  recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  10a-2  and  10a-3  which  follow  give  a 
tabulation  of  capability  subclasses  and  specific  wet- 
ness conditions  for  surveyed  lands  in  this  Basin. 


Soils  in  Class  I have  few  limitations  that  rastrict 
thair  use.  Thay  ara  wall  suited  for  cultivatad 
crops,  pasture,  woodland,  wildlifa,  and  racraation. 


Soils  in  Class  II  hava  soma  limitations  that  raduca 
tha  choica  of  plants,  or  require  modarata  conserva- 
tion practices . Tha  soils  ara  wall  suitad  for  cul- 
tivatad crops,  pastura,  woodland,  wildlifa  food  and 
cover,  and  recreation. 


Soils  in  Class  III  have  severe  limitations  that  ra- 
duca the  choica  of  plants,  or  require  special  con- 
servation practices  Whan  used  for  cultivatad  crops 
tha  conservation  practices  are  usually  more  diffi- 
cult to  apply  and  to  maintain.  The  soils  are  suited 
for  cultivatad  crops,  pastura,  woodland,  wildlifa 
food  and  cover,  and  racraation. 


Soils  in  Class  IV  have  vary  severe  limitations  that 
rastrict  the  choice  of  plants,  require  very  careful 
management , or  both.  Tha  soils  in  Class  IV  may  be 
used  for  crops,  pasture,  woodland,  wildlife  food 
and  cover,  and  racraation 


Soils  Iq  Class  VI  have  severe  limitations  that  mal 
them  p eneraiir  un»u)to4  for  cu}tlvotlon  and  limit 
their  use  largely  to  pasture  or  range,  woodland, 
wildlifa  food  and  cover,  and  racraation. 
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FIGURE  IOs-3. 


TABLE  10*2.  Land  conditions  by  capability 


in  Daachutaa  Basin  (in  acras)1 


Subcla 

2 

uet 

Class 

Total 

Class  e w 

f 

ew 

N 

MW 

MW 

to 

aw 

II 

7,363 

7,363 

III 

7,128 

56 

10,917 

60 

18.160 

IV 

24,560 

13,927 

6,752 

2,791 

4,038 

3.467 

54,526 

V 

0 

VI 

13.821 

3.585 

14,344 

12.669 

44.419 

VII 

938 

996 

40.163 

42.096 

VIII 

350 

666 

1.016 

TOTAL 

46,797 

18.507 

60,314 

21,736 

16,707 

3,617 

167,678 

1 Unadjusted  measurements.  1966.  for  Puget  Sound  Ana  Study,  band  on  National  Cooperative  Soil  Survey  map*.  First  three 
figures  era  significant  figures  for  acreages.  Does  not  include  land  within  national  forests. 

2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  lend  un  and  treatment:  e-erosion;  w-wetneas:  s-soil. 


TABLE  10a-3.  Land  with  wetness  condition  by 
capability  clann.  Oaachutaa  Batin  (in  acres)1 


Land 

Capability 

Claeses 

All  land  in  basin2 

Cropland  in  basin 

Total 

All 

Land 

With 
“■  — - - 

nvinvH 

Condition 

Total 

Cropland 

Cropland 

With 

Wetness 

Condition 

(set) 

lest) 

II 

7,363 

7,363 

6,996 

6,996 

III 

18,160 

10,977 

6,662 

3,366 

IV 

64.626 

20.176 

3.701 

1.369 

Subtotal 

80,048 

38.616 

16.248 

11,720 

V 

0 

0 

0 

0 

VI 

44,419 

3.686 

0 

0 

VII 

42,096 

996 

0 

0 

VIII 

1.016 

666 

0 

0 

Subtotal 

87.530 

6,246 

0 

0 

TOTAL 

167,578 

43,760 

16,348 

11,720 

1 Unadjusted  measurements.  1906.  for  Puget  Sound  Area 
Study,  bated  on  National  Cooperative  Soil  Survey  man  First 
three  figures  are  significant  tar  toe  ages. 

2 Does  not  Include  land  In  national  forests. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

Piesenl  trends  in  (lie  Deschutes  Basin  reveal 
that  the  intensive  land  use  is  filling!  in  and  around  the 
city  id  Olympia  «ind  several  ol'  the  smaller  outlying 
communities.  A large  part  of  this  is  primarily  new 
residential  development  to  serve  the  increasing  num- 
bers of  persons  employed  hy  Stale  government  in 
Olympia. 

Measures  for  floodwater  damage  reduction, 
watershed  protection  and  rehabilitation,  and  water 
management  are  present  in  varying  degrees  of  inten- 
sity according  to  land  use.  About  16,248  acres  are 
presently  in  cropland;  127,123  acres  are  in  forest 
(including  some  non-forest  areas);  9,480  acres  are 
classified  as  range;  and  27,957  acres  are  in  more 
intensive  uses.  Appendix  VII,  Irrigation,  states  that 
2.700  acres  were  under  irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
nniltiple-usc  management  and  the  categories  of  flood- 
water  damage  reduction,  watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acres  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

As  in  the  Nisqualty  Basin,  no  early  action 
projects  arc  planned.  A summation  of  projects  for  the 
later  time  periods  can  be  found  in  the  Means  to 
Satisfy  Needs  section  of  this  Basin. 

As  urban  development  increases,  the  existing 
land  use  is  likely  to  undergo  extensive  change  in  the 
Deschutes  Basin.  The  estimated  number  of  acres, 
according  to  land  use,  that  will  require  protective  and 
development  measures  by  the  years  1980,  2000,  and 
2020  arc  tabulated  in  Table  IOa-4.  The  same  land 
area  may  require  more  than  one  of  these  practices. 


TABLE  10a-4.  Future  needs  for  watershed  manage- 
ment1 


Year 

F lood  water 
Damage^ 
Reduction  ^ 

Watershed 
Protection  & 
Rehab.  ^ 

Drainage 
• mprove 
ment  ^ 

Irrigation 

Develop 

ment4 

(acres) 

(acres) 

(acres) 

(acresl 

Cropland 

1980 

11.802 

21 ,282'> 

1 738 

3,000 

2000 

11,802 

17.5595 

2,897 

3.500 

2020 
1 ntensive 

11.802 
Land  Use 

14.8365 

3,863® 

4,285 

1980 

1,720 

27,967 

27,957 

0 

2000 

1,720 

27.957 

27,957 

0 

2020  1,720 

Forested  land7 

27,957 

27,957 

0 

1980 

0 

127,123 

0 

0 

2000 

0 

127,123 

0 

0 

2020  0 
Unclassified  Land 

127,123 

0 

26,358® 

1980 

0 

4,446 

0 

0 

2000 

0 

8.169 

0 

0 

2020 

0 

10,892 

0 

0 

1 Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion  for  the  PS&AW  Study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracey  beyond  the  first 
three  significant  figures. 

2 

Includes  overbank  flooding  of  main  stteams. 

q 

Needed  for  full  agricultural  development  (see  Appendix  V, 
Water-Related  Land  Resources,  chapter  2,  Agriculture). 

* According  to  Appendix  VII,  Irrigation,  there  were  2,700 
acres  (using  6,399  acres  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  projections  show  3.800  acres  irrigated  by 
1980.  6.200  by  2000,  and  10.000  acres  by  2020. 

® Includes  9,480  acres  of  rangeland 

® Does  not  agree  with  Table  10a- 3 due  to  land  use  changes 
during  time  lapse. 

^ Includes  non-forested  land  commonly  associated  with 
forested  areas. 

® Potential  irrigation  of  forests  (see  Appendix  V,  chapter  3, 
Forestry). 

Table  IOa-5  shows  drainage  groups  in  the 
watersheds  of  the  Deschutes  Basin,  with  the  acreage 
of  land  falling  into  each  group.  From  this  and  other 
data  the  drainage  needs  for  expected  land  uses  in  the 
Basin  are  derived. 
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TABLE  10a-5.  Drainage  groups  in  Deschutes  Basin1  (in  acres)2 


I Watershed  River  Basins 

N Area  and 


E 

WMaflhKh 

01 

07 

03 

04 

06 

06 

07 

08 

09 

10 

11 

12 

13 

14 

16 

16 

Total 

1 

046 

Deschutw  H ryrr 
Onchutsi  Rivet 

2,144 

0 

1.123 

3 

973 

612 

870 

0 

828 

■ 

306 

PI 

1 

736 

12.177 

2 

Total 

2.144 

0 

1.123 

3 

973 

612 

870 

0 

878 

0 

3,865 

306 

399 

369 

0 

736 

12.177 

3 

04? 

Puget  Sound  Dretneges 
Henderson  Inlot  A roe 

1 996 

0 

2.190 

0 

0 

11.447 

0 

16 

1.723 

0 

4.651 

701 

411 

0 

0 

446 

23.679 

4 

048 

Rfest  Budd  1 trial  A roe 

870 

0 

56? 

0 

97 

1.902 

0 

31 

450 

0 

3.685 

76 

754 

15 

0 

27 

8.004 

6 

Total 

2,816 

0 

2.767 

0 

97 

13.429 

0 

46 

2.173 

0 

8.336 

777 

666 

15 

0 

472 

31,683 

6 

Grand  1 otaf 

4960 

0 

3.800 

3 

1,070 

14.041 

820 

46 

3001 

0 

12.201 

1 083 

1.064 

3B4 

0 

1,207 

43.760 

* Descriptions  of  drainage  groups  are  found  m the  Means  to  Satisfy  Needs  section  of  the  Area  report. 

7 Unadfurted  measurements  1906.  for  Puget  Sound  Area  Study  Tabulations  t*  A OR  Read  three  Mfntsciant  figures 
See  f mure  IQs  1 for  location 


MEANS  TO  SATISFY  NEEDS 


Projections  indicate  that  by  the  year  2020 
population  in  this  Basin  will  be  100.400.  Means  set 
forth  to  achieve  the  levels  necessary  to  meet  the 
needs  of  this  expected  population  consist  of  programs 
and  projects  for  protection  and  development  of  the 
land  and  water  resources  of  the  Deschutes  Basin.  The 
wise  use  and  development  of  these  resources  can 
supply  the  spatial  needs  and  aesthetic  wants  of  an 
expanding  population.  The  needs  as  developed  in 
other  appendices  have  been  considered  herein  as 
being  related  to  the  land  and  water  resources  of  this 
Basin. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basin's  resources  to 
achieve  its  potential  production  of  food  and  fiber  as 
economically  justified,  to  preserve  and  enhance  fish, 
wildlife,  and  recreation  values  in  accord  with  the  Fish 
and  Wildlife,  and  Recreation  Appendices,  to  provide 
for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 


objectives  will  be  carried  out  by  varous  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  J0a-l  in  Present  Status  indicates  by  basin 
the  present  land  use.  Table  10a-6  summarizes  by  time 
periods  the  estimated  future  use  of  the  land. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  becomes 
practical.  Loss  is  limited  to  tolerable  values  by 
restricting  development  on  hazardous  areas. 

Watersheds  require  varied  combinations  and 
intensities  of  management  according  to  the  capability 
of  the  land  and  its  use.  Programs  are  planned  to 
stabilize  land  and  related  water  and  thus  benefit  most 
functional  uses  of  water.  Special  objectives  for 
improvement  may  be  selected  for  project  purposes. 


T iBLE  IOe-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest1 

Urban 

8uilt- 

UD2 

Freih 

water 

Misc. 

uses3 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

11,802 

9,480 

127,123 

27,967 

2,697 

4,446 

183,406 

2000 

8.079 

9,480 

127,123 

27,987 

2.697 

8,169 

183,406 

2020 

5.386 

9,480 

127,123 

27,967 

2,697 

10.892 

183.405 

1 Includes  non-forested  land  normally  associated  with  forest. 

2 Rural  non-farm  is  assume  ft  to  be  all  urban  by  1900.  Built-up  is  based  on  aver  ape  urban  density  of  six  parsons  par  ac re. 

3 Unspecified  uses  including  land  in  transitional  usage. 
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PLAN  OF  DEVELOPMENT 

The  objectives  of  the  plan  are  to  develop  the 
Basin's  resources  to  achieve  its  potential  production 
of  food  and  fiver  as  economically  justified,  and  to 
provide  for  development  of  urban  areas  not  subject  to 
floodwater  hazard. 

This  plan  to  provide  for  the  satisfaction  of 
needs  will  utilize  the  program  and  project  approach, 
and  will  guide  the  development  of  the  resources  of 
the  Deschutes  Basin  to  provide  for  spatial  and 
production  > -quiremcnls  for  the  expected  population 
of  its  service  area  to  the  year  2020.  Floodwater 
protection  and  low  flow  augmentation  projects  would 
be  beneficial  for  fish,  wildlife,  and  recreation  areas  on 
the  Deschutes  River.  All  projects  in  this  Basin,  will  be 
deferred  until  after  14X0. 

Projects  after  1980 

Several  projects  will  be  initiated  in  the 
1480-2000  time  period  to  remedy  existing  floodwater 
and  drainage  problems  and  to  develop  lands  toward 
their  potential  for  continued  use.  Benefits  and  bene- 
fit-cost ratios  have  not  been  computed  for  projects 
past  1980.  Table  l0a-7  gives  brief  summaries  of 
projects  included  in  this  plan: 


TABLE  1Q»-7.  Cost  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No 
and  Name1 

Project 

Area 

Struc.  Meat. 
1 nstallation 
Cost2 

(acres) 

(dollars) 

0-46  Deschutes  River 

96.048 

550.000 

047  Henderson  Inlet 

62.504 

700,000 

0-48  West  Bodd  Intel 

22,266 

160,000 

Tota* 

180,808 

1,410,000 

' See  Figure  10a- J tor  location. 
2 1967  prices. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  10a-8  shows  a bicakdown  of  the  various 
practices  for  each  of  the  three  lime  periods. 

Summary  of  Costs 

Costs  for  the  Deschutes  Basin  plan  (project 
costs  plus  program  costs,  rounded  to  the  nearest 
thousand  dollars)  are  expected  to  be  $18,465,000  for 
early  action  program;  $34,801,000  for  the  years 
1980-2000;  and  $9,600,000  for  the  yeras  2000 
through  2020.  Total  costs  of  the  plan  will  be 
$63,366,000.  See  page  2-89  et  seq.  for  further 
explanation  of  costs. 
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TABLE  10*- 8.  Watershed  management  practices  for  protection  and  development,  by  time  periods,  Deschutes 
Basin 


Practice 

Area 

Cost1 

(acres) 

(thousands  of  dollars) 

First  15  Years 

Technical  assistance  and  management 

152.8512 

1,317 

Federal,  regular 

1.317 

Federal,  accelerated 

0 

Installation  o<  practices  (non-Federal) 

17,648 

State  & corporate  management 

3.096 

1 nd  treatment 

130,141 

1,572 

Water  management 

1,738 

441 

Urban  drainage 

9,288 

12,539 

Total 

18,965 

1980-2000 

Technical  assistance  & management 

152.8512 

2,462 

Federal,  regular 

2,118 

Federal,  accelerated 

344 

Installation  of  practices  (non-Federal) 

30,929 

State  A corporate  management 

4.128 

Land  treatment 

130,141 

*2,096 

Water  management 

1,159 

' 364 

Urban  drainage 

18.038 

•24,351 

Total 

33,391 

2S0£h2fi29 

Technical  assistance  & management 

I52.8512 

2,155 

Federal,  regular 

2,155 

Federal,  accelerated 

0 

Installation  of  practices  < non-Federal) 

7.445 

State  ft  corporate  management 

4,128 

Land  treatment 

130,141 

• 2,096 

Water  management 

966 

* 369 

Urban  drainage 

631 

* 852 

Total 

9,600 

* Baaa:  1967  prices,  except  items  asterisked  which  are 

1967  adjusted  normalized  prices.  See  page  2-89  at  tea. 

for  further 

explanation  of  costs. 

2 Total  acres  in  Basin  involved  m program  measures. 
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Wool  Sound  Siaoino 


WEST  SOUND  SASINS 


The  West  Sound  Basins  include  all  of  Kitsap 
County  and  parts  of  Clallam,  Jefferson,  Mason, 
Thurston,  Pierce  and  King  Counties.  The  Basins 
include  some  islands  and  the  land  on  the  peninsula, 
with  the  exception  of  the  Elwha-Dungeness  Basins. 

The  western  part  of  the  Basins  are  moun- 

PRESENT 

In  1963  the  population  was  114,900,  and 
projections  indicate  that  by  1980  the  population  will 
be  161 ,400;  by  2000, 253,400;  and  by  the  year  2020 
will  reach  399,600.  Present  population  density,  based 
on  urban  and  rural  non-farm  lands,  is  1 .08  people  per 
acre.' 

Farming  is  important  to  the  Basins  with  a 
substantial  dairy  industry  and  a large  grape  industry 
as  the  main  dollar  volume  items.  Total  value  of  farm 
production  in  the  West  Sound  Basins  is  over  $4.5 
million  annually.  Forest  products  are  likely  to  con- 
tinue to  be  the  largest  basic  industry  in  the  Basins. 

Forest  products  industries  are  of  prime  impor- 
tance to  the  Basins  Paper  mills  are  located  at  Port 
Townsend,  and  several  large  sawmills  are  within  the 
area.  Canneries  for  fish  also  are  located  here.  Bremer- 
ton Naval  Shipyard,  the  largest  service  installation, 
and  other  smaller  government  installations  are  located 
within  the  Basins. 

Salmon  production  from  the  many  rivers  and 
streams  of  the  West  Sound  Basins  contribute  heavily 
to  the  commercial  and  sport  fisheries  of  Puget  Sound, 
Hood  Canal,  Strait  of  Juan  de  Fuca  and  the  Pacific 
Ocean.  The  major  portion  of  the  shellfish  production, 
oysters  and  clams,  are  located  within  Hood  Canal  and 
the  southern  portion  of  the  Basins.  The  abundance  of 
fisheries  resources  within  the  Basins,  provide  a sub- 
stantial portion  of  the  income  and  economy. 

The  varied  species  of  upland  game  are  the  most 
widely  distributed  of  the  major  game  groups.  Native 
species  utilize  the  remaining  native  habitat  and 
introduce  exotics  have  been  established  in  the  area 
directed  to  agricultural  use.  Several  varieties  of  big 
game  inhabit  the  timbered  areas  and  a wide  variety  of 
native  fur-bearing  animals  exist  at  lower  elevations. 

1 Population  figures  for  that*  Basins  ware  baaed  on  prelimi- 
nary economic  data  prepared  in  1967  and  may  be  slightly 
lower  than  the  same  data  in  other  appendices. 


tainous,  as  the  boundary  is  the  crest  of  the  coast 
range  and  the  Olympic  range  of  mountains.  The 
remainder  of  the  Basins  show  evidence  of  major 
glaciation  and  is  gently  rolling,  with  somewhat  poorly 
developed  drainage  in  some  areas. 

STATUS 

Diving  ducks  are  numerous  in  the  Basins  but  the  more 
popular  hunting  species  of  waterfowl  are  less  abun- 
dant. 

The  West  Sound  Basins  have  the  most  extensive 
salt  water  recreation  resources  of  any  basin  or  island 
groups  within  the  Study  Area.  The  central  and 
eastern  portions  are  completely  interlaced  with  shel- 
tered waters  which  are  augmented  by  attractive 
islands,  bays,  and  fresh  water  lakes.  In  the  western 
portion,  the  beautiful  Olympic  Mountains  seem  to 
rise  from  the  clear  waters  of  the  Hood  Canal. 
Numerous  streams,  plus  Lake  Cushman,  provide 
further  attractions  within  the  mountainous  reaches. 

The  climate  of  the  Basins  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  floodflows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish,  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flows  characteristics  for  streams  in  the 
Basins  are  given  in  Appendix  III,  Hydrology. 

The  present  condition  of  many  stream  and  river 
channels  in  these  Basins  is  partly  the  result  of  nearly  a 
century  of  exploitation  by  man  with  only  the  last  few 
years  devoted  to  efforts  to  protect  and  rehabilitate 
the  environment.  Streambank  erosion  is  severe  in 
areas  where  sediment  and  debris  reduce  channel 
capacity. 

Appreciable  movement  of  bed  materials  occurs 
on  the  Skokomish  River  during  periods  of  high 
runoff,  but  in  the  other  principal  rivers  the  movement 
of  bedload  is  less  pronounced,  and  occurs  mostly  in 
lower  reaches.  Smaller  streams  are  generally  unable  to 
transport  large  quantities  of  bed  materials.  Some  of 
the  eroded  sediments  are  deposited  in  lakes  and 
reservoirs. 
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PRESENT  LAND  USE 


SOILS 


The  Skokomish  River  is  the  largest  river  system 
in  the  Basins.  It  drains  an  area  of  244  square  miles. 
Total  drainage  of  the  Basins  is  2,022  square  miles. 
Smaller  rivers  within  the  Basins  are  the  Quilcene, 
Doeswallips,  Duckabush,  and  Hamma  Hamma  Rivers, 
all  of  which  originate  in  rough  mountainous  country 
and  empty  into  the  Hood  Canal  area  of  Puget  Sound. 
The  Kitsap  peninsula  and  the  islands  within  the 
Basins  are  drained  by  small  streams  with  lower 
gradients.  The  Basins  include  many  flood  and  drain- 
age problem  areas  which  require  corrective  measures 
to  attain  their  potential.  Presently,  about  46,000 
acres  are  devoted  to  farming,  with  a potential  total  of 
about  1 20,000  acres  of  Class  II  and  III  lands  which 
could  be  used  for  this  purposed  (see  Figure  11-1). 
The  ownership  distribution  of  the  Basin’s  lands  are 
shown  on  Figure  11-2. 

The  broad  categories  of  land  use  are  given  in 
Table  11-1.  No  attempt  is  made  here  to  quantify 
mulitple-use  management  of  lands  such  as  for  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. 


TABLE  11-1.  Present  land  use  by  sub-basin1 


Land  Ua 

Skokomish 
River  Basin 

Coastal 

Drainages 

Total 

(acred 

(acres) 

(acres) 

Cropland 

1,970 

44.246 

46,216 

Rangeland 

80 

6,067 

6,137 

Foroat2 

148,806 

974,860 

1,123,666 

Rural  non- farm 

830 

63,678 

64,208 

Urban  built-up 

376 

41,786 

42,161 

Fresh  malar 

4.668 

7.938 

12,606 

Total 

166,430 

1,137,663 

1,293,993 

1 Unsdiuitad  measurements,  1966.  for  Pugat  Sound  Ares 
Study.  Tabulations  by  A DP.  First  throe  figures  art  significant 
figure*  for  acreages. 

2 Includes  non- fora  seed  areas  normally  associated  with 
forest. 


A medium-intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  and  national 
park  boundaries.  Lands  within  the  national  forests 
and  parks  were  mapped  from  a reconnaissance-type 
survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Kitsap,  Clallam,  Jefferson,  Mason, 
Thurston,  Pierce  and  King  Counties  and  their  loca- 
tions are  shown  on  maps.  The  soil  survey  report  is 
available  in  libraries  and  in  local  offices  of  the  United 
States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1 , Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  1 ,281 ,400  acres  in  the 
West  Sound  Basins  has  a medium-intensity  survey  on 
915,500  acres  and  a low-intensity  survey  on  365,900 
acres.  Of  the  915,500  acres,  772,300  acres  are 
classified  in  land  Capability  Classes  II  through  VI, 
131 ,300  acres  are  in  Class  VII,  and  12,000  acres  in 
Class  VIII  (Figure  11-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (772,300  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  11,  III,  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  11 
and  Class  III  lands  in  these  Basins  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VIII  for  recreation  or  aesthetic  use. 

The  soil  types  of  the  Area  having  a medium- 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  11-2  and  11-3  which  follow  give  a 
tabulation  of  capability  subclasses  and  specific  wet- 
ness conditions  for  surveyed  lands  in  these  Basins. 
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Soils  in  Class  I nave  few  limitations  that  restrict 
their  use.  They  are  mcII  suited  for  cultivated 
crops,  pasture,  woodland,  wildlife,  and  recreation 


Soils  In  Class  II  have  some  limitations  that  reduca 
the  choice  of  plants,  or  require  moderate  conserva- 
tion practices  The  soils  are  well  suited  for  cul- 
tivated crops,  pasture,  woodland,  wildlife  food  and 
cover,  and  recreation. 


Soils  in  Class  III  have  severe  limitations  that  re- 
duce the  choice  of  plants,  or  require  special  con- 
servation practices  When  used  for  cultivated  crops, 
the  conservation  practices  are  usually  more  diffi- 
cult to  apply  and  to  maintain.  The  soils  are  suited 
for  cultivated  crops,  pasture,  woodland,  wildlife 
food  and  cover,  and  recreation 


Soils  in  Clast  IV  have  very  severe  limitations  that 
restrict  the  choice  of  plants,  require  very  careful 
management,  or  both.  The  soils  in  Class  IV  may  be 
used  for  crops,  pasture,  woodland,  wildlife  food 
and  cover,  and  recreation 


Soils  in  Class  VI  have  severe  limitations  that  make 
them  generally  unto. ted  for  cultivation  and  limit 
their  use  largely  to  pasture  or  range,  woodland, 
wildlife  food  and  cover,  and  recreation 


Soils  and  land  forms  in  Class  VIII  have  limitations 
that  preclude  their  use  for  commercial  plant  pro- 
duction and  restrict  their  use  to  recreation,  wild- 
life, water  supply,  or  esthetic  purposes 
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TABLE  11-2.  Land  conditions  by  capability  claim  in  Wait  Sound  Batins  (in  acres)1 


Class  e 

* 

t 

- 

Subclasses^ 
aw  ts 

we 

we 

m 

sw 

Class 

Total 

II 

18,485 

1,666 

20,160 

III 

830 

71.099 

3,471 

2,437 

26,267 

1,132 

106.226 

IV 

3.382 

198,160 

26,947 

10 

13,466 

7,932 

33,631 

282,617 

V 

138 

138 

VI 

93.683 

71,498 

113,743 

1,932 

83,372 

364.228 

VII 

18,962 

112,132 

182 

131,276 

VIII 

809 

3,158 

2,031 

6.982 

11,980 

TOTAL 

98,704 

362,867 

267,324 

2,447 

66.441 

91,304 

36,428 

916,516 

1 Unadjurted  measurement!,  1966.  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps.  First  three 
figures  are  significant  figures  for  acreages.  Does  not  include  land  within  national  forests  and  national  paries. 

2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e-erosion;  w-wetnese;  t-soil. 


TABLE  11-3.  Land  with  wetness  condition  by  capa- 
bility daw.  West  Sound  Basins  (in  acres) 1 


All  land  in  basin2 

Cropland  in  basins 

Land 

Total 

With 

Cropland 

Capability 

All 

Wetness 

Total 

With 

Claeses 

Land 

Condition 

Cropland 

Wetness 

Condition 

lest) 

lest) 

II 

20.160 

20,160 

16,120 

16,120 

III 

106,226 

100,926 

20,067 

17.040 

IV 

282.617 

246.266 

10.038 

8,644 

Subtotal 

407,893 

366,331 

46.216 

41.804 

V 

138 

138 

0 

0 

VI 

384,228 

73,430 

0 

0 

VII 

131,276 

19,144 

0 

0 

VIII 

11,980 

9,140 

0 

0 

Subtotal 

607.622 101.862 

0 

0 

TOTAL 

916.616 

468,183 

46,216 

41,804 

1 Unadjusted  measurements,  1966.  for  Puget  Sound  Area 
Study,  based  on  National  Cooperative  Soil  Survey  maps.  First 
thru  fifuvti  mv  tipntficflnt  fifum  for  icfMQM. 

2 Doss  not  include  land  in  national  forests  and  national 
parks. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

In  the  West  Sound  Basins  three  broad  categories 
of  needs- protect  ion  from  Hood  water  damage,  mea- 
sures for  watershed  protection  and  rehabilitation,  and 
measures  for  water  management -are  present  in  vary- 
ing degrees  of  intensity  according  to  land  use.  About 
46,215  acres  are  devoted  to  cropland  use  at  the 
present  time;  1,123,666  acres  are  in  forest  (including 
some  non-forested  land);  5,137  acres  are  in  rangeland; 
and  1 06,369  acres  are  in  intensive  uses.  According  to 
Appendix  VII,  Irrigation,  1,200  acres  were  under 
irrigation  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction,  watershed  protection  and 
rehabilitation  measures,  and  water  management,  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  area  section  of  this  Appen- 
dix under  Means  to  Satisfy  Needs. 

The  projected  rapid  rise  in  population,  with  its 
requirements  for  space,  recreation,  and  other  land 
and  water  needs,  makes  it  necessary  to  initiate  an 
early  action  program  of  development  to  avoid  costly 
misue  of  the  land  resource.  An  obvious  need  in  these 
Basins  is  for  improved  floodwater  damage  reduction 
on  the  Skokomish  flood  plain  and  some  of  the 
smaller  rivers,  as  described  in  Appendix  XII,  Flood 
Control,  and  for  flood  prevention  and  drainage 
facilities  to  be  installed  on  two  watersheds  considered 
to  be  in  need  of  improvements  to  accommodate 
orderly  development  of  the  Basins.  Details  of  these  to 
accommodate  orderly  development  of  the  Basins. 
Details  of  these  early  action  projects  are  found  in  the 
Means  to  Satisfy  Needs  section. 

The  potential  growth  area  for  the  West  Sound 
Basins  is  located  in  Kitsap  County,  along  the  shores 


and  on  the  islands  of  Puget  Sound  and  the  Gig  Harbor 
peninsula  in  Pierce  County.  In  addition  there  is  a 
small  potential  area  located  in  Mason  County  around 
and  to  the  south  of  the  city  of  Shelton.  The 
estimated  number  of  acres,  according  to  land  use, 
that  will  require  protective  and  development  mea- 
sures by  the  years  1980, 2000,  and  2020  are  shown  in 
Table  11-4.  The  same  land  area  may  require  more 
than  one  of  these  practices. 


TABLE  11-4.  Future  needs  for  watershed  manage- 
ment1 


Floodwater 

Damage2 

Yeas  Reduction3 

■“ ■ « 

nluninou 

Protection  A 
Rehab.3 

Drainage 

Improve- 

ment3 

Irrigation 

Develop-3 

mwr 

(acret) 

(acret) 

(acree) 

(acres) 

Cropland 

1960  43.107 

48,244“ 

17,138 

>5,000 

2000  43,107 

46.690® 

28.563 

V400 

2020  43,107 

46,137® 

36,064® 

16.000 

Inteneive  Lend  Uae 

I960  1,430 

106,369 

106,369 

0 

2000  1,430 

106,369 

106,369 

0 

2020  1.430 

106,369 

106,369 

0 

F greet  Land7 

I960  0 

1,123,886 

0 

0 

2000  0 

1,123.666 

0 

0 

2020  0 

1.123466 

0 

171,400® 

Undated  led  Land 

I960  0 

3.108 

0 

0 

2000  0 

4462 

0 

0 

2020  0 

6,216 

0 

0 

1 Acreages  (Strived  by  map  maatu  remand  and  AOP  tabula- 
tion for  the  PSA  AW  study  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  eccurecy  beyond  the  first 
three  signif  icant  figures. 

1 Includes  overbenk  flooding  of  main  streams 

3 Naadad  for  fuH  agricultural  develop— nl  (—  Appendix  V, 
Water -Related  Land  Reeouroet,  chapter  2.  Agriculture). 

4 According  to  Appendix  VII.  Irrigation,  there  were  1,200 
acres  luting  3,060  acre  of  feet  water  ) irrigated  in  1986. 
Irrigation  Appendix  protect  ions  thorn  1,600  acres  brig— d by 
1980. 2,100  acres  by  2000,  and  2,600  acret  by  2020. 


6 Inctudae  6,137  acree  of  rangeland. 

* Doee  not  eg—  with  Tabic  11-3  due  to  land  uae  changes 
dufin|  tkw  lipn. 
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Tables  1 1 -S  shows  drainage  groups  in  the 
watersheds  of  the  West  Sound  Basins,  with  the 
acreage  of  land  falling  into  each  group.  From  this  and 


other  data  the  drainage  needs  for  expected  land  uses 
in  the  Basins  are  derived. 


TABLE  11-5.  Drainaga  groups  in  West  Sound  Basins1  (in  acres)2 


L 

1 

"war  8wk» 

N 

Amo 

and 

i 

No3 

W— rdsad 

01 

07 

03 

04 

06 

38 

07 

08 

08 

10 

11 

13 

13 

14 

16 

16 

Total 

SaoAomtsn  Rums 

1 

056 

S for*  S*o*om.to  R 

4.380 

0 

878 

0 

0 

0 

0 

0 

0 

0 

3.087 

130 

0 

0 

0 

840 

9.389 

7 

057 

N fort  SfcofcorrwWt  R 

460 

0 

148 

0 

0 

10 

» 

° 

0 

.♦•7 

830 

3 

Total 

4 840 

0 

1.036 

0 

0 

10 

0 

0 

0 

0 

3.087 

186 

0 

0 

0 

1,107 

10.739 

Puget  Sound  Orai  n gp  i 

4 

049 

Sa odium  Cnd 

1 .018 

0 

474 

0 

481 

7.533 

0 

31 

1.308 

16 

45 

30 

0 

114 

16.801 

5 

050 

itatwMa 

333 

0 

411 

0 

181 

3.930 

0 

0 

516 

0 

17 

0 

0 

0 

6.761 

5 

051 

Axemen  island 

5 

• 

0 

0 

0 

0 

186 

0 

65 

6*6 

■1^1 

0 

667 

0 

0 

3.118 

1 

Oa? 

McNad  Island 

0 

0 

56 

0 

0 

7 

377 

0 

750 

0 

2.386 

0 

0 

0 

0 

0 

3.030 

s 

053 

Martsaana  Island 

40 

0 

66 

0 

0 

576 

0 

0 

717 

104 

3.368 

36 

0 

0 

0 

19 

4.407 

9 

054 

GoMtoarough  Croat 

406 

0 

884 

0 

56 

7.037 

0 

144 

387 

0 

0 

316 

544 

0 

0 

146 

4.846 

10 

056 

H ft  Sisal  ton 

787 

0 

7.867 

0 

0 

5.036 

0 

50 

716 

611 

59  930 

561 

• 1 

0 

0 

783 

70470 

11 

058 

Waal  Mood  Canal 

786 

0 

630 

0 

0 

17 

0 

5 

77 

0 

6 

117 

0 

0 

0 

710 

1 191 

17 

059 

Ttfssrya  A war 

706 

0 

181 

0 

0 

840 

70 

0 

0 

0 

16  881 

113 

0 

0 

0 

778 

19.707 

13 

040 

•lords  Mood  Canal 

787 

0 

•70 

0 

0 

1.300 

0 

707 

to 

0 

13.367 

183 

to 

0 

0 

307 

15.341 

14 

04? 

Carr  Inlet  Area 

154 

0 

748 

0 

0 

2.771 

7.186 

470 

•17 

618 

38.103 

170 

717 

40 

0 

50 

36.784 

15 

043 

Varfson  Island 

143 

0 

33 

0 

0 

336 

0 

0 

0 

0 

18.618 

5 

0 

17 

0 

0 

17.060 

16 

046 

Mamma  Mamma  Ansar 

130 

0 

0 

0 

0 

75 

0 

0 

0 

0 

0 

0 

0 

0 

0 

69 

774 

17 

047 

Ooar*»alti<>*  Due* tout* 

770 

18 

36 

0 

0 

90 

0 

0 

5 

0 

3.481 

0 

0 

0 

0 

137 

4.481 

18 

048 

Eat  Hood  Canal 

366 

0 

419 

0 

0 

1.706 

0 

50 

77 

0 

74.867 

98 

0 
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MEANS  TO  SATISFY  NEEDS 


Population  in  the  West  Sound  Basins  is  expec- 
ted to  reach  432,700  people  by  2020.  To  satisfy  the 
needs  of  this  many  people,  a plan  consisting  of 
programs  and  projects  for  protection  and  develop- 
ment of  the  land  and  water  resources  has  been 
devised.  The  wise  use  and  development  of  these 
resources  can  supply  the  spatial  needs  and  aesthetic 
wants  of  the  growing  population.  The  needs,  as 
developed  in  other  appendices,  have  been  considered 
in  this  Appendix  as  related  to  the  land  and  water 
resources  of  the  Basins. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basins’  resources  to 
achieve  their  potential  production  of  food  and  Tiber 
as  economically  justified,  to  preserve  and  enhance 
fish,  wildlife,  and  recreation  values  in  accord  with  the 
Fish  and  Wildlife,  and  Recreation  Appendices,  to 
provide  for  development  of  urban  areas  not  subject  to 
floodwster  hazard,  and  to  provide  spatial  needs  in 


keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments,  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Usa 

Table  11-1  in  Present  Status  indicates  by 
sub-basins  the  present  land  use.  Table  11-6  sum- 
marizes by  time  periods  the  estimated  future  use  of 
the  land. 

Flooding 

Flood  water  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  is  practical. 
Loss  is  limited  to  tolerable  levels  by  restricting 
intensive  use  of  land  in  hazardous  areas,  followed  by 
feasible  damage  prevention  and  enhancement  meaures 
for  suitable  land  use. 
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TABLE  11-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest  * 

Urban 

Built- 

up2 

Fresh 

water 

Misc. 

uses3 

Total 

* 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres 

(acres) 

I960 

43.107 

5.137 

1,123,666 

106.369 

12.606 

3.106 

1,293,993 

2000 

41.553 

5,137 

1,123,666 

106.369 

12,606 

4,662 

1.293.993 

2020 

40.000 

5.137 

1,123.666 

106,369 

12.606 

6.215 

1,293,993 

* Includes  non-forested  land  normally  associated  with  forest. 

o ' 

Rural  non-farm  is  assumed  to  be  all  urban  by  1980.  Built-up  is  based  on  average  urban  density  of  six  persons  per  acre. 

3 Unspecified  uses  including  land  in  transitional  usage. 


Watershed  require  varied  combinations  and 
intensities  of  management  according  to  capability  and 
use.  Programs  and  projects  are  planned  to  stabilize 
land  and  related  water  and  thus  benefit  most  func- 
tional uses  of  water.  Special  objectives  for  improve- 
ment may  be  selected  for  project  purposes. 


PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  needs  as  brought 
out  in  the  Needs  discussion  will  utilize  the  program 
and  project  approach,  as  explained  in  the  Puget 
Sound  Area  section.  The  plan  will  guide  the  develop- 
ment of  the  resources  of  the  West  Sound  Basins  to 
provide  for  spatial  and  production  requirements  for 
the  expected  population  of  its  service  area  to  the  year 
2020.  Flood  control  and  low  flow  augmentation 
projects  have  a potential  for  enhancing  fish,  wildlife, 
and  recreation  benefits  on  the  Skokomish,  Little 
Quilcene,  Dosewallips,  Duckabush,  Hamma  Hamma, 
and  Union  Rivers  as  well  as  numerous  creeks. 


Early  Action  Projects 

Projects  will  be  initiated  prior  to  1980  to 
remedy  existing  floodwater  and  drainage  problems 
and  to  develop  lands  toward  their  potential  for 
continued  use.  Table  11-7  describes  projects  in  the 
early  action  plan. 

Goldsborough  Creek  Watershed  Area  0-54,  Fig- 
ure 11-1  is  the  principal  stream  of  this  area,  which  is 
approximately  60  square  miles.  The  watershed  is  90 
percent  forest  land  and  the  economy  is  based  on 
forest  products.  The  terrain  is  low  mountains.  The 
Coffee  Creek  valley  is  the  principal  agricultural  area. 
Shelton  is  the  major  city  and  the  industry  of  the  area 
is  centered  there. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  38 ,50 1 acres  of  which 
907  acres  are  cropland,  34,599  acres  are  forest,  2,906 
acres  rural  non-farm  and  urban,  and  89  acres  miscel- 
laneous uses. 

The  works  of  improvement  will  consist  of  5 
miles  of  improved  and  stabilized  channel,  and  one 
floodwater  retarding  structure  for  flood  control. 


TABLE  11-7.  Coats  and  BaaBdd  areas,  early  action  projacti  recommended  for  initaMation  by  1900 


Watershed  Area  No. 
and  Name* 

Protect 

Area 

Protect 

Structural 

Measursi 

Con2 

Flood- 

water 

Protec- 

tion 

Drainage 

Improve- 

ment 

(acres) 

(dollars) 

(acres) 

(acres) 

0-54  Qotdaborough  Croak 

35,601 

779,000 

3.398 

261 

0-73  CMmaeum  Creak 

22,326 

300,000 

3,375 

2,717 

Total 

60.827 

1,079,000 

6,763 

2,978 

1 See  Figure  11-1  for  location. 

2 1987  priest 
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Installation  cost  is  estimated  to  be  $779,165,  of 
which  the  Federal  share  is  $503,335,  and  the  local 
share  is  $275,830.  Benefits  from  damage  reduction 
and  drainage  will  provide  a benefit-cost  ratio  of  1 .2  to 
I . To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 15-year 
period,  local  interests  will  install  necessary  land 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $64,282,  drain- 
age measures  expected  to  cost  $61,808,  and  forest 
protection  and  management  practices  costing 
$746,300  for  a total  of  $871,662.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $1 ,650,827. 

Chimacum  Creek  Watershed  Area  0-73,  Figure 
11-1  flows  to  the  north  and  outlets  into  Port 
Townsend  Bay  near  the  city  of  Port  Townsend.  The 
flood  plain  is  used  principally  for  cultivated  agricul- 
ture while  the  major  portion  of  the  upland  is  covered 
with  dense  forest  of  fir,  alder  and  native  brush. 

' Watershed  water  problems  are  mainly  due  to 
inadequate  channels  to  carry  flood  and  drainage 
water.  Water  control  structures  are  necessary  to 
stabilize  the  water  table  in  the  areas  of  organic  soil. 

The  project  is  designed  for  flood  prevention  of 
agricultural  and  urban  areas,  and  drainage  of  agricul- 
tural lands.  The  area  contains  22326  acres,  of  which 
4,257  acres  are  cropland,  16,981  acres  are  forest,  862 
acres  rural  non-farm  and  inban,  and  226  acres 
miscellaneous  uses. 

The  works  of  improvement  will  consist  of  16 
miles  of  improved  and  stabilized  channel,  eight  water 
control  structures,  and  one  debris  basin  for  the 
detention  and  control  of  stream  sediment. 

Installation  cost  is  estimated  to  be  $299,890,  of 
which  the  Federal  share  is  $232,650,  and  the  local 
share  is  $67,240.  Benefits  from  damage  reduction  and 
drainage  will  provide  a benefit-cost  ratio  of  5.9  to  I . 
To  achieve  benefits  made  possible  by  the  structural 
works  and  other  management  during  a 1 5 -'ear 
period,  local  interests  will  install  necessary  and 
treatment  measures  for  erosion  control  and  flood 
management,  costing  approximately  $814,770,  drain- 
age measures  expected  to  cost  $507,617,  and  forest 
protection  and  management  practices  costing 
$366380  for  a total  of  $1 ,688,667.  The  total  cost  of 
installing  the  structural  measures  and  the  land  treat- 
ment measures  is  $1 ,988,557. 
v- <>,<:  car  a coo'.-'  >. 1 

Projects  attar  1980 

Projects  for  the  years  1980-2000  and 


2000-2020  are  shown  in  Table  1 1 -8  with  their 
expected  costs.  Benefits  and  benefit-cost  ratios  have 
not  been  computed  past  1980.  Total  installation  costs 
are  expected  to  be  $9,025,000. 


TABLE  11-8.  Costs  of  projects  recommended  for 
installation  after  1980  


Watershed  Area  No. 
and  Name1 

Project 

Area 

Struc.  Meat. 
Installation 
Cost2 

(acres) 

(dollars) 

1960-2000 

0-49  Skookum  Creek 

54,301 

290,000 

0-55  Northwest  Shelton 

102,601 

260,000 

0-56  South  Fork  Skokomish 

81.921 

3.000.000 

060  North  Hood  Canal 

32,839 

85.000 

062  Carr  Inlet 

79,820 

580,000 

063  Vashon  Island 

23,099 

570,000 

069  West  Kitsap  Area 

76,338 

700.000 

070  East  Kitsw  Area 

95,120 

1.200,000 

071  Quilcene 

77,645 

140.000 

072  East  Jefferson 

126,166 

540.000 

075  Sequim  Bay 

22,459 

110.000 

076  Johnson  Creek 

15.517 

580.000 

TOTAL 

787.826 

8,055,000 

2000-2020 


0-50  Isabella 

21,902 

100,000 

061  Anderson  Island 

6.032 

100,000 

062  McNeil  Island 

4,217 

370,000 

063  Hartstene  Island 

13697 

100.000 

0-57  North  Fork  Skokomish 

69,841 

100.000 

067  Oosewallips-Ouckabush 

146,133 

100.000 

068  East  Hood  Canal 

53,841 

100,000 

TOTAL 

314663 

970.000 

1 See  Figure  11-1  for  location. 

2 1967  prices. 


Program  • A i 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  wluch  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  11-9  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods: 
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TABLE  11-9.  Wstorshad  management  practical  for  protection  and  development,  by  time  periods.  West  Sound 
Basins 


Practice 

Area 

Cost1 

(acres) 

(thousands  of  dollars) 

First  IS  Years 


Technical  assistance  & management 

1.176.0182 

19,969 

Federal,  regular 

19,764 

Federal,  accelerated 

205 

Installation  of  practices  (non-Federal) 

77,435 

State  & corporate  management 

19,718 

Land  treatment 

804.009 

6,108 

Water  management 

17.13B 

3,743 

Urban  drainage 

35,456 

47,866 

Total 

97.404 

1980.2000 

Technical  assistance  A management 

1.176.0182 

34,779 

Federal,  regular 

33,142 

Federal,  accelerated 

1,637 

Installation  of  practices  (non-Federal) 

86,923 

State  A corporate  management 

26.291 

Land  treatment 

804.009 

• 8,144 

WM*f 

11,425 

• 2.388 

Urban  drainage 

37,111 

* 50.100 

Total 

121,702 

zaa&aa 

Technical  assistance  A management 

1,175, 0182 

37,291 

Federal,  regular 

36.336 

Fldlfllt  BCGBlffltBd 

955 

Installation  of  practices  (non-Federal) 

83,325 

Stats  A corporate  management 

26.291 

Land  treatment 

804,009 

• 8,144 

Water  management 

9,521 

• 3,257 

Urban  drainage 

33,802 

• 46  633 

Total 

120.616 

1 Base:  1967  prices,  except  items  asterisked  which  are  adjusted  normalized  prices.  (See  page  2-89  et  seq) 


2 Total  acres  in  Basins  involved  in  program  measures. 


Summary  of  Costs 

Costs  for  the  West  Sound  Basins  plan  (projects 
costs  plus  program  costs,  rounded  to  the  nearest 
thousand  dollars)  are  expected  to  be  $98,483,000  for 
the  early  action  program;  $129,757,000  for  the  years 


1980-2000;  and  $121,586,000  for  the  years 
2000-2020.  ToUl  cost  of  the  plan  will  be 
$349,826,000.  See  page  2-89  et  seq.;  also  page  2-95, 
Table  2-20,  for  further  explanation  of  costs. 
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ELWHA-DUN6ENESS  BASINS 


The  Elwha-Dungeness  Basins  are  located  in 
Clallam  County,  with  approximately  one-fourth  of 
their  area  in  northeastern  Jefferson  County.  Four- 
fifths  of  the  area  is  rugged,  mountainous  terrain,  and 
the  balance,  lying  along  the  northern  coast,  is  made 
up  largely  of  alluvial  terraces. 

The  headwaters  of  the  Dungeness  River  origin- 
ate high  in  the  Olympic  Mountains.  The  river  flows 
northerly  and  empties  into  the  Strait  of  Juan  de 
Fuca.  The  drainage  area  is  about  217  square  miles. 


The  principal  tributary.  Gray  Wolf  River,  joins  the 
Dungeness  River  within  the  confines  of  Olympic 
National  Forest. 

The  Elwha  River  heads  in  the  glaciers  of  the 
Olympic  Mountains.  It  flows  in  a northerly  direction 
and  discharges  into  the  Strait  of  Juan  de  Fuca.  The 
Elwha  River  drains  approximately  328  square  miles. 
There  are  no  important  tributaries.  Approximately 
1 56  square  miles  drain  directly  into  the  Puget  Sound. 


PRESENT  STATUS 


In  1963  the  population  was  28,300,  and  projec- 
tions indicate  that  by  1980  the  population  will  be 
29,800;  by  2000,  41,000;  and  by  2020  will  reach 
56,600.  Population  density  at  the  present  time,  based 
on  urban  and  rural  non-farm  lands,  is  2.58  people  per 
acre. 

The  raising  of  dairy  and  beef  cattle  is  the 
principal  farming  enterprise,  and  the  majority  of  the 
area  is  seeded  pasture  or  hay  land.  Field  crops,  mint 
and  peas  in  particular,  make  a significant  contribution 
to  the  farming  economy.  Total  value  of  farm  produc- 
tion in  the  Elwha-Dungeness  Basins  is  more  than  $2.5 
million  annually. 

Forest  lands  are  by  far  the  biggest  user  of  land 
in  the  Basins,  comprising  more  than  90  percent  of  the 
total  area.  Forested  lands  total  409,000  acres,  includ- 
ing open  areas  normally  associated  with  forest,  with 
more  than  80  percent  of  this  acreage  within  the 
Olympic  National  Park  and  Olympic  National  Forest. 

Forest  lands  outside  Olympic  National  Park 
support  the  lumbering,  pulp,  and  paper  production 
industry,  the  largest  industry  in  the  Study  Area. 
Other  important  industries  include  hydro-electric 
power,  recreation,  commercial  fishing,  and  farming. 

The  production  of  salmon  from  the  Elwha  and 
Dungeness  Basins  provide  an  important  segment  of 
the  harvest  of  the  commercial  and  sport  fisheries  of 
Puget  Sound,  Strait  of  Juan  de  Fuca  and  the  Pacific 
Ocean  coastal  waters. 

Dungeness  crabs  and  other  shellfish  are  eco- 
nomically important  to  the  Basins. 

There  is  a wide  variety  of  wildlife  present  as  the 
streams  of  the  Basins  originate  in  the  nigged  Olympic 
range  and  traverse  all  the  life  zones  of  western 


Washington  on  their  route  to  the  Strait  of  Juan  de 
Fuca.  The  varied  climate  greatly  influences  wildlife 
abundance  and  distribution.  Included  among  the 
varieties  of  wildlife  are  big  game,  upland  game, 
fur-bearing  animals,  and  various  types  of  waterfowl. 

The  main  recreation  attractions  of  the  Basins 
are  the  salt  water,  rivers  and  streams  and  the 
spectacular  Olympic  Mountains.  In  the  lower  eleva- 
tions recreationists  enjoy  camping  along  the  streams 
and  salt  water  shoreline,  fishing,  hunting,  gathering 
mushrooms,  berries,  and  wildflowers,  boating  and 
viewing  the  scenery.  In  the  high  country  sightseeing, 
hiking,  mountain  climbing,  high  lake  fishing,  snow 
skiing,  and  other  related  activities  available  in  alpine 
areas  are  popular. 

The  climate  of  the  Basins  is  conducive  to 
extremes  of  streamflows.  Late  fall  and  winter  fre- 
quently produce  damaging  flood  flows  and  conversely 
midsummer  drought  produces  low  flow  conditions 
which  are  detrimental  to  fish  and  wildlife,  recreation, 
and  to  sanitation  within  the  streams.  Potential  for 
development  of  streams  and  rivers  is  limited  in  many 
respects  unless  low  flows  can  be  augmented  to  some 
degree  by  structural  measures  and  management  prac- 
tices. Low  flow  characteristics  for  streams  in  the 
Basins  are  given  in  Appendix  III,  Hydrology. 

The  higher  altitudes  receive  large  amounts  of 
precipitation,  but  excessive  erosion  is  largely  pre- 
cluded by  a profuse  cover  of  vegetation.  In  the  lower 
altitudes  where  urban  development,  road  construc- 
tion, logging,  and  farming  have  resulted  in  the 
removal  of  vegetation,  sheet  or  rill  erosion  of  fine 
sediments  occur  during  periods  of  intense  rain.  Some 
channel  erosion  by  bank  sloughing  and  bed  move- 
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ment  also  occurs,  principally  in  areas  where  streams 
cut  into  glacial  drift  deposits  near  the  Strait  of  Juan 
de  Fuca.  Sediment  problems  generally  are  local  in 
nature  and  result  from  removal  of  vegetation  in 
logging  or  construction  operations. 

PRESENT  LAND  USE 

The  Basins  include  many  flood  and  drainage 
problem  areas  which  require  corrective  measures 
before  their  potential  can  be  attained.  The  combined 
flood  plain  of  the  two  major  rivers  contains  about 
3,000  acres  of  gently  undultaing  river  bottom  lands. 
Most  of  the  farmland  is  situated  on  alluvial  terraces 
above  the  flood  plain.  The  upper  reaches  of  the 
Basins  are  steep,  mountainous  valleys  with  turbutlent 
streams.  Much  of  the  area  of  the  Basins  lines  within 
Olympic  National  Park  (see  Figure  12-1 ).  The  owner- 
ship distribution  of  the  Basin’s  lands  are  shown  on 
Figure  12-2. 

The  broad  categories  of  land  use  are  given  in 
Table  12-1.  No  attempt  is  made  here  to  quantify 
multiple  use  management  of  lands  such  as  for  game 
habitat,  recreation,  water  quality,  or  low  flow  aug- 
mentation. 

TABLE  12-1.  Present  land  use  by  sub-basins  1 


Land  Use 

Elwha 

River 

Basin 

Dungenets 

River 

Batin 

Coastal 

Drainages 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

762 

14,936 

8,033 

23,721 

Rangeland 

104 

976 

1,338 

2,417 

Forest2 

206,941 

119,500 

83,060 

409,491 

Rural  non-farm 

232 

2,266 

2,575 

5,073 

Urban  built-up 

341 

967 

4,603 

6,911 

Fresh  water 

1,406 

361 

77 

1,844 

Total 

209,776 

139,006 

99,676 

448.467 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area 
Study.  Tabulations  by  A DP.  First  three  figures  are  significant 
figures  for  acreages. 

2 Includes  non-forested  or  alpine  land  normally  aerociatsd 
with  forest. 


SOILS 

A medium-intensity  soil  survey  is  available  for 
most  lands  outside  the  national  forest  and  national 
park  boundaries.  Lands  within  the  national  forests 
and  national  parks  were  mapped  from  a reconnais- 
sance-type survey. 

The  mapping  units  are  discussed  in  the  soil 
survey  reports  for  Clallam  and  Jefferson  Counties  and 
their  locations  are  shown  on  maps.  The  soil  survey 
report  is  available  in  libraries  and  in  local  offices  of 
the  United  States  Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  data  for  each  soil  series  are 
provided  in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  446,600  acres  in  the 
Elwha-Dungeness  Basins  has  a medium-intensity  sur- 
vey on  108,300  acres  and  a low-intensity  survey  on 
338,300  acres.  Of  the  108,300  acres,  72,900  acres  are 
classified  in  Land  Capability  Classes  11  through  VI, 
32,500  acres  are  in  Class  VII,  and  2,900  acres  in  Class 
VIII  (Figure  12-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (72,900  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  these  basins  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VII  is 
expected  to  be  largely  limited  to  forest  use  and  Class 
VIII  for  recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium- 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  (see  Exhibit  1 , Tables 
9 and  10).  Lands  having  only  reconnaissance  surveys 
are  roughly  grouped  into  capability  classes. 

Tables  12-2  and  12-3  which  follow  give  a 
tabulation  of  capability  subclasses  and  specific  wet- 
ness conditions  for  surveyed  lands  in  these  Basins. 


'fSj&b- 
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TABLE  12-2.  Land  conditions  by  capability  classes  in  Elwha-Dungeness  Basins  (in  acres)1 


Subclasses2 

Class 

Total 

Class  e w 

s 

ew 

es 

we 

tvs 

K 

5%V 

II 

8,424 

8.424 

III 

2,903 

23,760 

4,188 

30,851 

IV 

3,846 

10,067 

7,027 

20,940 

V 

0 

VI 

4,111 

8,673 

12,684 

VII 

665 

31,819 

32,474 

VIII 

1,765 

1,179 

2,944 

TOTAL 

10,860 

44,820 

31,819 

20,818 

103.317 

1 Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study  bated  on  National  Cooperative  Soil  Survey  m*>s.  First  three 
figures  are  significant  figures  for  acreages.  Does  not  include  land  within  national  forests  and  national  parks. 


2 

Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e-erosion;  w-wetness;  s-soil. 


TABLE  12-3.  Land  with  wetness  condition  by  capa- 
bility classes,  Elwha-Dungeness  Basins  (in  acres)  1 


Land 

Capability 

Classes 

All  land  in  basins2 

Cropland  in  basins 

Total 

All 

Land 

With 

Wetness 

Condition 

Total 

Cropland 

Cropland 

With 

Wetness 

Condition 

(est) 

(est.) 

II 

8,424 

8,424 

8.003 

8,003 

III 

30,851 

27.948 

3,858 

3,496 

IV 

20,940 

17,094 

11,860 

8,960 

Subtotal 

60,215 

53,466 

23,721 

20,468 

V 

0 

0 

0 

0 

VI 

12,684 

8,673 

0 

0 

VII 

32.474 

665 

0 

0 

VIII 

2,944 

2,944 

0 

0 

Subtotal 

48,102 

12,172 

0 

0 

TOTAL 

108,317 

66.638 

23,721 

20,468 

1 Unadjusted  measure  merits.  1966,  for  Puget  Sound  Area 
Study,  basad  on  National  Cooperative  Soil  Survey  maps.  First 
three  figures  are  significant  figures  for  acreages. 

2 Doss  not  include  land  in  national  forests  and  national 
parks. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

The  primary  use  of  land  in  I lie  Flwha-Dun- 
geness  Basins  is  for  forest,  with  a large  portion  of 
these  forested  lands  being  contained  within  (he 
Olympic  Naitonal  Forest  and  Olympic  National  Park. 
Three  broad  categories  of  needs  protection  from 
floodwater  damage,  measures  for  watershed  protec- 
tion and  rehabilitation,  and  measures  for  water 
management  are  present  in  varying  degrees  of  inten- 
sity according  to  land  use.  About  23,721  acres  are  in 
forest  (including  some  lion-forested  areas);  2,417 
acres  are  in  rangeland;  and  10,984  acres  are  in  more 
intensive  land  uses. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction,  watershed  protection  and 
rehabiliation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  arc  given  in  acres  of  land  to  be 
treated.  Intensity  of  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multipe-use  objectives  may  require 
several  practices  on  the  same  acre  of  land.  A partial 
listing  of  practices  used  is  given  in  Tables  2-18  and 
2-19  in  the  Puget  Sound  Area  section  of  this 
Appendix  under  Means  to  Satisfy  Needs. 

The  projected  rise  of  population  in  these  Basins 
will  not  be  enough  to  require  structural  measures 
before  1980.  Nonstructural  measures  such  as  flood 
plain  management  and  land  treatment  measures  will 
be  utilized  in  this  lime  frame.  A summation  of 
projects  needed  after  1980  is  found  in  the  Means  to 
Satisfy  Needs  section  of  these  Basins. 

Little  land  use  change  is  expected  in  these 
Basins  but  some  development  will  occur.  The  esti- 
mated number  of  acres,  according  to  land  use.  that 
will  require  protective  and  development  measures  by 


the  years  1980,  2000.  and  2020  are  tabulated  in 
Table  12-4.  The  same  land  area  may  require  more 
Ilian  one  of  these  practices. 


TABLE  12-4.  Future  needs  for  watershed  manage- 
ment1 


Year 

F loodwater 
Damage? 
Reduction"1 

Watershed 
Protection  & 
Rehab  3 

Drainage 

Improve- 

ment3 

Irrigation 

Develops 

ment* 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

13,747 

26,278° 

9,644 

17.000 

2000 

13.747 

26,3485 

16,073 

18,000 

2020  13,747 

Intensive  Land  Use 

26,41 75 

21,430® 

22.000 

1980 

1,900 

10,984 

10.984 

0 

2000 

1,900 

10.984 

10.984 

0 

2020  1,900 

Forested  Land? 

10,984 

10,984 

0 

1980 

0 

409.351 

0 

0 

2000 

0 

409,281 

0 

o„ 

2020 

0 

409,212 

0 

4,100® 

1 Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

o 

I Deludes  overbank  flooding  of  main  streams, 
o 

Needed  for  full  agricultural  development  (see  Appendix  V, 
Water-Related  Land  Resources,  chapter  2,  Agriculture). 

4 According  to  Appendix  VII,  Irrigation,  there  were  15,900 
acres  (using  43,566  acres  feet  of  water)  irrigated  in  1966. 
Irrigation  Appendix  protections  show  21,900  acres  irrigated 
by  1980;  21.900  acres  by  2000;  and  21,900  acres  by  2020. 

5 Includes  2,417  acres  of  rangeland. 

® Does  not  agree  with  Table  12-3  due  to  land  use  changes 
during  time  lapse. 

? Includes  non-fore sted  land  commonly  associated  with 
forested  areas. 

® Potential  irrigation  of  forests  (see  Appendix  V,  chapter  3, 
Forestry). 

Tabic  12-5  shows  drainage  groups  in  the  water- 
sheds of  the  Flwha-Dungcness  Basins,  with  the 
acreage  of  land  falling  into  each  group.  From  this  and 
other  data  the  drainage  needs  for  expected  land  uses 
in  the  Basins  are  derived. 


TABLE  12-5.  Drainage  group*  in  Ehwha-Dungenass  Basins1  (in  acres)2 


Mstrfihnl  H MW  Hawns 


N 

C 

No3 

01 

07 

03 

04 

Ob 

06 

07 

08 

09 

10 

11 

17 

13 

14 

15 

16 

Total 

Dungntw  Hi ves 

74.096 

1 

077 

Bunge  ness  River 

8.069 

0 

48*, 

0 

0 

1.369 

4.190 

0 

1.151 

0 

7.177 

0 

54 

0 

1.651 

7 

Total 

8.069 

0 

48b 

0 

0 

1.369 

4.190 

0 

1.151 

0 

7.177 

0 

0 

54 

0 

1.651 

74.096 

Puget  Sound  Dramas* 

3 

o n 

McDonald  Creek 

180 

0 

1b 

0 

0 

1.7b0 

1.916 

0 

197 

0 

4.107 

0 

0 

70 

0 

58 

7.743 

4 

0/9 

Sebsrl  Creek 

7 

0 

707 

0 

0 

1,0/0 

7.789 

0 

433 

O 

4.016 

0 

0 

10 

0 

0 

8.577 

5 

0-00 

Morse  Creek 

709 

0 

93 

0 

0 

16/ 

7.673 

0 

57b 

0 

6.744 

0 

0 

0 

0 

71 

10.487 

6 

041 

E nn.s  Creek 

84 

0 

9 

0 

0 

37 

b8b 

0 

68 

0 

934 

0 

0 

0 

0 

0 

1.717 

7 

082 

Port  Angeles 

496 

0 

70 

0 

0 

931 

6.611 

0 

3/6 

0 

1.487 

0 

0 

0 

0 

0 

9.973 

8 

Total 

973 

0 

394 

0 

0 

3.455 

14.574 

0 

1.599 

0 

17.788 

0 

0 

30 

0 

179 

38.447 

fchwba  Rare. 

9 

083 

337 

0 

751 

0 

0 

404 

1.314 

0 

0 

0 

0 

0 

0 

0 

0 

794 

3.100 

10 

Total 

337 

0 

751 

0 

0 

404 

1.314 

0 

0 

0 

0 

0 

0 

0 

0 

794 

3.100 

11 

Grand  T otal 

9,379 

0 

1,130 

0 

0 

5.778 

70  078 

0 

7.750 

0 

74.415 

0 

0 

84 

0 

7.574 

66.638 

1 D esc  notions  of  drainage  groups  are  found  in  ttw  Mean*  to  Satisfy  Needs  section  of  the  Area  report 

2 Unadiustsd  meawirements.  1966.  for  Puget  Sound  Area  Study.  Tabulations  by  A DP  Read  three  signficant  figures 

3 See  F«ure  17  1 for  location 
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MEANS  TO  SATISFY  NEEDS 


Projection  indicate  that  by  the  year  2020 
population  in  these  Basins  will  be  56,600.  Means  set 
forth  to  achieve  the  levels  necessary  to  meet  the 
needs  of  this  expected  population  consist  of  programs 
and  projects  for  protection  and  development  of  the 
land  and  water  resources  of  these  Basins.  The  wise  use 
and  development  of  these  resources  can  supply  the 
spatial  needs  and  aesthetic  wants  of  an  expanding 
population.  The  needs  as  developed  in  other  appen- 
dices have  been  considered  herein  as  being  related  to 
the  land  and  water  resources  of  the  Elwha-Dungeness 
Basins. 


The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Basins'  resources  to 
achieve  their  potential  production  of  food  and  fiber 
as  economically  justified,  to  preserve  and  enhance 
fish,  wildlife,  and  recreation  values  in  accord  with  the 
Fish  and  Wildlife,  and  Recreation  Appendices,  to 
provide  for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 
the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 


TABLE  12-6.  Estimated  future  land  use 


Veer 

Crop- 

land 

Range- 

land 

Forest1 

Built- 

up2 

Fresh 

water 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

23,861 

2.417 

409,361 

10.964 

1,844 

448.457 

2000 

23,931 

2,417 

409,281 

10.964 

1.844 

448,457 

2020 

24,000 

2,417 

408,212 

10.964 

1,844 

448,457 

1 Include*  non-fomtad  land  normally  associated  with  forest 

2 Rural  non-farm  is  assumed  to  be  all  urban  by  1980.  Built-up  based  on  average  urban  density  of  six  persons  per  acre. 
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Land  Use 

Table  12-1  in  Present  Status  indicates  by 
sub-basins  (lie  present  land  use.  Table  12-6  sum- 
marizes by  time  periods  the  estimated  future  use  of 
the  land. 

Flooding 

Floodwatcr  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  is  practical. 
Loss  is  limited’  to  tolerable  levels  by  restricting 
intensive  use  of  land  in  hazardous  areas,  followed  by 
feasible  damage  prevention  and  enhancement  mea- 
sures for  suitable  land  use.  Programs  and  projects  are 
planned  to  stabilize  land  and  related  water  and  thus 
benefit  most  functional  uses  of  water.  Special  objec- 
tives for  improvement  may  be  selected  for  project 
purposes. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  satisfaction  of  the 
needs,  as  brought  out  in  the  Needs  discussion,  will 
utilize  the  program  and  project  approach,  as  ex- 
plained in  the  Puget  Sound  Area  section.  The  plan 
will  guide  the  development  of  the  resources  of  the 
Elwha-Dungeness  Basins  to  provide  for  spatial  and 
production  requirements  for  the  expected  population 
of  its  service  ara  to  the  year  2020.  Flood  prevention 
and  low  flow  augmentation  projects  would  be  bene- 
ficial for  fish,  wildlife,  and  recreation  areas  on  the 
Dungeness  River  and  its  major  tributary,  the  Gray 
Wolf  River,  and  on  the  lower  Elwha  River.  No 
projects  are  planned  in  these  Basins  before  I WO. 

Projects  after  1980 

Several  projects  will  be  initiated  in  the 
1980-2000  and  2000-2020  time  periods  to  remedy 
existing  floodwater  and  drainage  conditions  and  to 
dvelop  lands  toward  their  potential  for  continued  use. 
Benefits  and  benefit-cost  ratios  have  not  been  com- 
puted for  projects  beyond  >980.  Total  installation 
costs  are  expected  to  be  $3,262,000.  Table  12-7  gives 
brief  summaries  of  projects  included  in  this  plan. 


TABLE  12-7.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No. 
and  Name1 

Project 

Area 

Struc.  Meas. 
1 nstallation 
Cost^ 

(acres) 

(dollars) 

198a 2000 

a 77  Dungeness  River 

138,644 

1,850,000 

a78  McDonald  Creek 

15,963 

270,000 

D79  Siebert  Creek 

15,077 

300.000 

080  Morse  Creek 

46,253 

336.000 

082  Port  Angeles 

16,240 

206.000 

TOTAL 

232.167 

2.962.000 

2000-2020 

081  Ennis  Creek 

6,076 

100.000 

M3  E Iwha  R iver 

208.370 

200.000 

TOTAL 

214,446 

300,000 

1 See  Figure  12-1  for  location. 
^ 1967  prices. 


Programs 

Program  measures  refer  to  on-farm  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  1 2-8  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 

Summary  of  Costs 

Costs  for  the  Elwha-Dungeness  Basins  plan 
(projects  costs  plus  program  costs  rounded  to  the 
nearest  thousand  dollars)  are  expected  to  be 
$17,852,000  for  the  early  action  program; 
$26,191,000  for  the  years  1980-2000;  and 
24,737,000  for  the  years  2000  through  2020.  Total 
cost  of  the  plan  will  be  $68,780,000.  See  page  2-89  et 
seq.,  also  page  2-95,  Table  2-20,  for  further  explana- 
tion of  costs. 


TABLE  12-8.  Watenhed  management 
Elwha-Dungenss  Banns 

practice*  for  protection 

and  development. 

by  tima  period*. 

Practice 

Are* 

Cost1 

(acre*) 

(thou (and*  of  dollar*) 

Firtt  IS  Year* 

Technical  aniitanca  A management 

43S.6292 

7,037 

Federal,  regular 

7,037 

Federal,  accelerated 

0 

ln*tallation  of  Practice  (non-Federall 

10,815 

State  A corporate  management 

2,205 

Land  treatment 

96,072 

1.907 

Water  management 

9,644 

1,761 

Urban  drainag* 

3,661 

4,942 

Total 

17,852 

1960-2000 

Technical  aniitanca  A managiment 

436  A292 

11,719 

Federal,  tegular 

11,487 

Federal,  accelerated 

232 

1 retaliation  of  practice*  (non-Federal) 

11,510 

Stan  A corporate  management 

2,940 

Land  treatment 

96,072 

* 2,642 

Water  management 

6,429 

* 1,227 

Urban  drainage 

3,666 

* 4,801 

Total 

23,229 

wskssaa 

Technical  entrance  A management 

436.62B2 

12.214 

Federal,  regular 

12,121 

Fedaral,  accelerated 

93 

1 retaliation  of  practice  (non-Federal) 

12,223 

Stan  A corporate  management 

2,940 

Land  treatment 

96,072 

• 2,642 

Water  management 

5,367 

• 1.666 

Urban  drainage 

3,767 

* 5,066 

Total 

24,437 

1 Ban:  1967  price*.  except  itaim  aiternked  which  are  adjuttad  normalized  price*.  (See  page  2-89  at  nq.) 


2 Total  acre*  in  Ba*in*  involved  in  program  manure*. 
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SAN  JUAN  ISLANDS 


The  San  Juan  Islands  study  area  is  comprised  of 
all  of  San  Juan  County.  The  San  Juan  Islands  lie  in 
Puget  Sound  along  the  coast  in  the  northwestern  part 
of  the  State  of  Washington. 

Of  the  473  islands  visible  at  low  tide,  only  six 
are  of  major  importance.  They  are:  Orcas  Island,  with 


an  area  of  58  square  miles;  San  Juan,  SS  square  miles; 
Lopez,  29  square  miles;  Shaw,  8 square  miles; 
Blakely,  7 square  miles;  Waldron,  5 square  miles;  and 
Decatur,  3 square  miles.  The  rest  of  the  islands 
including  Stuart,  Henry,  Spieden  and  Sucia,  grouped 
together  contain  about  1 1 square  miles. 


PRESENT  STATUS 


In  1963  the  population  was  2,600,  and  the 
projections  indicate  that  by  1980  population  will  be 
2,800;  by  2000,  3,700;  and  by  the  year  2020  will 
reach  5,100.  Present  population  density,  based  on 
urban  and  rural  non-farm  lands,  is  .22  people  per 
acre. 

Although  both  forestry  and  farming  have  de- 
clined in  importance,  they  are  still  the  biggest  users  of 
land.  Many  farming  enterprises  that  were  formerly  of 
primary  importance  have  virtually  disappeared.  Most 
notable  are  dairying,  poultry,  processing  peas,  tree 
fruits,  berries,  and  seed  potatoes.  Beef  and  sheep  have 
gradually  replaced  dairy  cattle  in  numbers  as  the 
market  for  cream  has  declined.  Total  value  of  farm 
production  of  the  San  Juan  Islands  is  over  $500,000 
annually. 

The  main  reasons  for  decline  of  the  forest 
industry  are  lower  prices  offered  on  the  mainland, 
fewer  markets,  and  a general  depletion  of  local  timber 
resources.  Forest  lands  comprise  about  72,000  acres, 
including  open  areas  normally  associated  with  forest. 

Industrialization  of  the  Islands  has  been 
limited.  Certain  industries  that  were  active  in  past 
years  are  no  longer  producing.  Logging  and  timber 
operations,  while  still  operating,  have  declined  notice- 
ably in  recent  years.  Farming  activities  have  also  been 
declining,  giving  way  to  recreation  and  urban  develop- 
ment. The  economy  of  the  Islands  is  now  balanced 
around  agriculture,  fishing  and  recreation. 

The  Islands  support  virtually  no  anadromous 
Fish  population.  However  the  marine  waters  and 
channels  throughout  the  archipelago,  at  well  at  the 
Straits  of  Juan  de  Fuca,  adjacent  to  these  Islands  are 
well  defined  migration  routes  of  salmon  runt.  The 
major  portion  of  the  Puget  Sound  commercial  harvest 
occurs  within  these  waters.  Sport  fishing  for  salmon 
and  other  marine  species  provides  exceptional  recrea- 


tional opportunities.  Friday  Harbor  is  an  important 
port  for  the  commercial  fishing  fleet  and  derives  most 
of  its  economy  from  the  fisheries  resource.  The  San 
Juan  Islands  economy  is  highly  dependent  on  its 
attractive  recreational  facilities. 

The  migratory  waterfowl  which  inhabit  the 
Islands  are  primarily  transitory,  using  the  numerous 
islands  and  protected  salt  water  areas  only  seasonally. 
Freshwater  areas  are  limited,  thereby  limiting  the 
types  of  fur-bearing  animals  found  here.  Ring-necked 
pheasant  and  two  species  of  rabbits  are  the  principal 
upland  game  found  in  the  Islands.  The  only  big  game 
species  inhabiting  the  Islands  is  the  black -tailed  deer. 

The  San  Juan  Islands  are  among  the  most  scenic 
and  outstanding  recreation  attractions  in  the  Pacific 
Northwest.  With  the  greater  emphasis  on  safeguarding 
and  increasing  the  number  of  public-use  areas  and 
quality-type  commercial  facilities,  the  Islands  have 
the  potential  of  becoming  an  outstanding  year  around 
vacation  land  and  water  sportsman’s  paradise.  Signifi- 
cant assets  include  opportunities  for  abundant  water- 
oriented  recreation  activities  and  an  excellent  mild 
and  dry  climate. 

Because  of  their  location  in  the  rain  shadow  of 
the  Olympic  Mountains  and  Vancouver  Islands  up- 
lands, the  San  Juand  Islands  receive  less  precipitation 
than  the  mainland  to  the  east. 

Sediment  problems  are  minor  and  occur  in 
localized  areas  of  construction  or  farming.  In  some 
places  soils  are  eroded  by  rapid  runoff  from  higher 
rocky  areas. 

PRESENT  LAND  USE 

The  San  Juan  Islands  study  area  provides  the 
smallest  system  in  the  Puget  Sound  Area.  It  drains  a 
total  area  of  only  176  square  miles.  Drainage  is 


accomplished  through  minor  streams  that  flow  dir- 
ectly into  the  bay.  Although  the  system  has  only 
minor  streams,  it  does  have  a great  deal  of  flooding 
by  ponding  and  drainage  problem  areas  which  require 
water  control  measures  before  potential  may  be 
attained.  The  landscape  of  the  Islands  is  marked  by 
abrupt  differences  in  elevation.  The  glacial  plains  are 
characterized  by  low  relief  with  gently  rolling  hills 
and  basin-like  areas.  There  are  1 S mountain  peaks  on 
the  Islands  that  exceed  1,000  feet;  the  highest  being 
Mount  Constitution  on  Orcas  Island  at  2,409  feet 
(Figure  13-l)The  ownership  distribution  of  the 
Islands’  lands  are  shown  on  Figure  13-2. 

The  broad  categories  of  land  use  are  given  in 
Table  13-1  which  follows.  No  attempt  is  made  here  to 
quantify  multiple-use  management  of  lands  such  as 
for  game  habitat,  recreation,  water  quality,  or  low 
flow  augmentation. 


TABLE  13-1.  Present  land  uaa  by  basin 1 


Land  Use 

San  Juan 
Islands 

Total 

facets! 

TaoS 

Cropland 

18,594 

18.594 

Rangaland 

9,129 

9,129 

Form2 

71,968 

71,968 

Rural  non-farm 

9.118 

9,118 

Urban  built-up 

2,774 

2,774 

Fraah  water 

965 

965 

Total 

112,528 

112,628 

1 Unadjusted  measurements.  1966,  for  Puget  Sound  Area 
Study.  Tstou  let  ions  by  A DP.  First  three  figures  ere  significant 
figures  in  er.reegsi. 

2 Includes  non- forested  areas  normally  asmilaiad  with 
forest. 


SOILS 

A medium-intensity  soil  survey  is  available  for 
all  lands  within  the  islands. 

The  mapping  units  are  discussed  in  the  soil 
survey  report  for  San  Juan  County  and  their  locations 
are  shown  on  maps.  The  soil  survey  report  is  available 
in  libraries  and  in  local  offices  of  the  United  States 
Department  of  Agriculture. 

The  principal  properties  of  each  soil  series  are 
tabulated  in  Exhibit  1,  Table  6 of  this  Appendix. 
Interpretations  of  dat  for  each  soil  series  are  provided 
in  subsequent  tables  of  the  Exhibit. 

The  total  land  area  of  1 1 1 ,600  acres  in  the  San 
Juan  Islands  has  been  surveyed  by  a medium-intensity 
soil  survey.  Of  the  111,600  acres,  88,100  acres  are 
classified  in  Land  Capability  Classes  II  through  VI, 
22,200  acres  are  in  Class  VII,  and  1 300  acres  in  Class 
VIII  (Figure  13-3). 

Lands  in  Land  Use  Capability  Classes  II  through 
VI  (88,100  acres)  have  the  greatest  potential  for 
development;  i.e.,  changed  use  or  improved  use.  Land 
Use  Capability  Classes  II,  III,  and  IV  may  be  suited 
for  either  crops  or  urban  uses,  and  Class  VI  has 
potential  for  urban  development.  Most  of  the  Class  II 
and  Class  III  lands  in  these  Islands  are  subject  to 
flooding  and  have  wetness  conditions  which  present 
hazards  for  many  developed  uses.  Class  VI  is  expected 
to  be  largely  limited  to  forest  use  and  Class  VIII  for 
recreation  or  aesthetic  use. 

The  soil  types  in  the  Area  having  a medium- 
intensity  survey  have  been  classified  into  land  use 
capability  classes  and  their  primary  and  secondary 
subclasses,  and  capability  units  are  roughly  grouped 
into  capability  classes  (see  Exhibit  1,  Tables  9 and 
10). 

Tables  13-2  and  13-3  which  follow  give  a 
tabulation  of  capability  subclasses  and  specific  wet- 
ness conditions  for  surveyed  lands  in  these  Islands. 
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LAND  SUITED  FOR  CULTIVATION  AND  OTHER  USES 


TABLE  13-2.  Land  conditions  by  capability  classes  in  San  Juan  Islands  (in  acres)1 


Subclasses2 

Class 

Total 

Class  e 

w s 

ew 

es 

we 

w* 

se 

SW 

II 

1,284 

1,284 

III 

1,776 

4,596 

10,819 

8,477 

25,667 

IV 

7,674 

20 

2,325 

1,002 

3,870 

14,891 

V 

0 

VI 

4,749 

6,206 

33,124 

79 

2,067 

46,225 

VII 

22,156 

22,156 

VIII 

1,013 

116 

221 

1,350 

TOTAL 

4,749 

16,669 

55,416 

4,595 

14,728 

3,069 

12,347 

111,573 

1 Unadjusted  measurements.  1966,  for  Puget  Sound  Area  Study,  bated  on  National  Cooperative  Soil  Survey  maps.  First  three 
figures  are  significant  figures  for  acreatet. 

2 Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment:  e-erosion:  w- wetness;  s-soil. 


TABLE  13-3.  Land  with  wetness  condition  by  capa- 
bility classes,  San  Juan  Islands  (in  acres)1 


Land 

Capability 

Classes 

All  land  in  islands 

Cropland  in  islands 

Total 

All 

Land 

With  _ 
Wetness' 
Condition 

Total 

Cropland 

Cropland 

With 

Wetness 

Condition 

(es^l 

(est) 

II 

1,284 

1,284 

1,220  ' 

v 1.220 

III 

25,667 

25,667 

16,198 

>6JB75 

IV 

14,891 

13,869 

1,176 

1.095 

Subtotal 

41,842 

40,820 

18,694 

18,190 

V 

0 

0 

0 

0 

VI 

46,225 

6,286 

0 

0 

VII 

22,156 

0 

0 

0 

VIII 

1,350 

1,234 

0 

0 

Subtotal 

69,731 

7,619 

0 

0 

TOTAL 

111,673 

48,339 

18,694 

18,190 

1 Unadjusted  measurements,  1966,  for  Puget  sound  Area 
Study,  bated  on  National  Cooperative  Soil  Survey  maps.  F irtt 
three  figures  are  significant  figures  for  acreages. 
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PRESENT  AND  FUTURE  NEEDS 


EVALUATION  OF  PRESENT  SITUATION 

in  the  San  Juan  Islands  three  broad  categories 
of  needs-protection  from  floodwater  damage,  mea- 
sures for  watershed  protection  and  rehabilitation,  and 
measures  for  water  management -are  present  in  vary- 
ing degrees  of  intensity  according  to  land  use.  About 
18,594  acres  are  now  used  for  cropland;  77,560  acres 
are  presently  in  forest  (including  some  areas  of 
non-forested  land);  9,129  acres  are  in  rangeland;  and 
1 1 ,892  acres  are  in  some  form  of  intensive  use. 
According  to  Appendix  VII,  Irrigation,  100  acres 
were  irrigated  in  1966. 

ESTIMATED  FUTURE  NEEDS 

Determination  of  needs  is  made  on  the  basis  of 
multiple-use  management  and  the  categories  of  flood- 
water  damage  reduction,  watershed  protection  and 
rehabilitation  measures,  and  water  management  con- 
tain the  practices  needed  for  development  under  the 
concept.  Development  needed  in  forestry  and  farming 
is  to  keep  pace  with  other  needs  as  the  population 
increases  and  reach  the  level  required  by  2020. 

Future  needs  are  given  in  acres  of  land  to  be 
treated.  Intensity  or  degree  of  practice  application 
will  increase  with  use.  Management  practices  for 
enhancement  of  multiple-use  objectives  may  require 
several  practices  on  the  same  acres  of  land.  A partial 
listing  of  practices  used  is  given  Tables  2-18  and  2-19 
in  the  Puget  Sound  area  section  of  this  Appendix 
under  Means  to  Satisfy  Needs. 

Although  the  Islands  are  expected  to  increase  in 
population,  this  increase  will  not  be  rapid  enough  to 
necessitate  any  early  action  projects.  All  projects  for 
flood  nrevention  and  drainage  will  occur  in  later  time 
periods  as  the  need  develops.  A summation  of  these 
projects  can  be  found  in  the  Means  to  Satisfy  Needs 
section  of  these  Islands. 

Very  small  amounts  of  urban  expansion  are 
expected  in  the  San  Juan  Islands.  The  estimated 
iHsmbci  of  res,  according  to  land  use,  that  will 
reqMre  protective  and  development  measures  by  the 
vcarv  1 9*0.  2000.  and  2020  are  tabulated  in  Table 


13-4.  The  same  land  may  require  more  than  one  of 
these  practices. 


TABLE  13-4.  Future  needs  for  watershed  manage- 
ment1 


Year 

Floodwater 

Damage2 

Reduction"* 

Watershed 
Protection  & 
Rehab.3 

Drainage  Irrigation 
Improve-  Develop- ^ 
ment3  ment4 

(acres) 

(acres) 

(acres) 

(acres) 

Cropland 

1980 

16,024 

29,129° 

9,856 

500 

2000 

16,024 

30,1 295 

16,427 

1,000 

2020  16.024 

Intensive  Land  Use 

31,129® 

21.9036 

4,000 

1980 

1,270 

11,892 

11,892 

0 

2000 

1,270 

11,892 

11,892 

0 

2020  1,270 

Forested  Land? 

11,892 

11,892 

0 

1980 

0 

70,552 

0 

0 

2000 

0 

69,552 

0 

0 

2020 

0 

68,552 

0 

0 

1 Acreages  derived  by  map  measurements  and  ADP  tabula- 
tion for  the  PS&AW  study.  Other  potential  not  tabulated. 
Unrounded  figures  do  not  denote  accuracy  beyond  the  first 
three  significant  figures. 

2 Includes  overbank  flooding  of  main  streams. 

2 Needed  for  full  agricultural  development  (see  Appendix  V, 
Water-Related  Land  Resources,  chapter  2,  Agriculture). 

4 According  to  Appendix  VII,  Irrigation,  there  were  100 
acres  (using  200  acres  feet  of  water)  irrigated  in  1966.  The 
Irrigation  Appendix  projects  this  figure  to  remain  constant 
through  2020. 

5 Includes  9,129  acres  of  rangeland. 

6 Does  not  agree  with  Table  13-3  due  to  land  use  changes 
during  time  lapse. 

2 Includes  non-forested  land  commonly  associated  with 
forested  areas. 

Table  13-5  shows  drainage  groups  in  the  water- 
sheds of  the  San  Juan  Islands,  with  the  acreage  of 
land  falling  into  each  group.  From  this  and  other  data 
the  drainage  needs  for  expected  land  uses  in  the 
Islands  are  derived. 
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TABLE  13-5.  Drainage  groups  in  San  Juan  Islands1  (in  acres)2 


L 

1 

Watershed 

River  Basins 

— 

N 

Area 

and 

E 

No.3 

Watersheds 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

Total 

Puget  Sound  Drainages 

1 

an 

Orcas  Waldron  Island 

1.109 

55 

60 

0 

0 

290 

3,974 

0 

701 

5.176 

1,517 

278 

0 

0 

0 

1 

13.106 

2 

ai2 

San  Juan  (Stewart)  Is. 

4.271 

863 

76 

0 

0 

318 

8,222 

0 

873 

3.686 

1,106 

739 

0 

0 

0 

90 

20.244 

3 

ai3 

Lope/ -Blakely- 

Decatur  Islands 

7.045 

433 

223 

0 

0 

67 

6.144 

0 

57 

4.412 

1,365 

352 

0 

0 

0 

140 

15.238 

4 

Total 

7.425 

1,351 

359 

0 

0 

675 

18.290 

0 

1,831 

13,274 

3.983 

1.369 

0 

0 

0 

231 

48.588 

5 

Grand  Total 

7.425 

1.351 

359 

0 

0 

675 

18.290 

0 

1,631 

13.274 

3.983 

1.369 

0 

0 

0 

231 

48.588 

1 Descriptions  of  drainage  groups  are  found  in  the  Means  to  Satisfy  Needs  section  of  the  Area  report. 

2 Unad|usted  measurements,  1966,  for  Puget  Sound  Area  Study.  Tabulations  by  ADP.  Read  three  significant  figures. 

3 See  F igurf  1 3- 1 for  location. 


MEANS  TO  SATISFY  NEEDS 


Projections  indicate  that  by  the  year  2020, 
5,100  people  will  reside  in  these  Islands.  The  means 
to  be  used  to  achieve  the  levels  necessary  to  meet  the 
needs  of  this  expected  population  consist  of  programs 
and  projects  for  protection  and  development  of  the 
land  and  water  resources  found  herein.  The  wise  use 
and  development  of  these  resources  can  supply  the 
spatial  needs  and  aesthetic  wants  of  the  growing 
population  in  these  Islands.  The  needs  as  developed  in 
other  appendices  have  been  considered  in  this  Appen- 
dix as  related  to  the  land  and  water  resources  of  the 
San  Juan  Islands. 

The  objectives  of  the  plan  for  watershed  man- 
agement are  to  develop  the  Islands’  resources  to 
achieve  their  potential  production  of  food  and  fiber 
as  economically  justified;  to  preserve  and  enhance 
fish,  wildlife,  and  recreation  values  in  accord  with  the 
Fish  and  Wildlife  and  Recreation  Appendices,  to 
provide  for  development  of  urban  areas  not  subject  to 
floodwater  hazard,  and  to  provide  spatial  needs  in 
keeping  with  aesthetic  qualities  of  the  Area.  These 
objectives  will  be  carried  out  by  various  agencies  of 


the  Federal  and  State  governments  working  in  close 
cooperation  with  each  other  and  with  private  sources. 

Land  Use 

Table  13-1  in  Present  Status  indicates  present 
land  use.  Table  13-6  summarizes  by  time  periods  the 
estimated  future  use  of  the  lands. 

Flooding 

Floodwater  damage  must  be  prevented  to  the 
extent  the  hazard  remaining  does  not  materially 
exceed  other  risks  before  development  is  practical. 
Loss  is  limited  to  tolerable  levels  by  restricting 
intensive  use  of  land  in  hazardous  areas,  followed  by 
feasible  damage  prevention  and  enhancement  mea- 
sures for  suitable  land  use. 

PLAN  OF  DEVELOPMENT 

This  plan  to  provide  for  the  needs  as  brought 
out  in  the  Needs  discussion  will  utilize  the  program 


TABLE  13-6.  Estimated  future  land  use 


Year 

Crop- 

land 

Range- 

land 

Forest1 

Urban 

Built- 

up2 

Fresh 

water 

Total 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

(acres) 

1980 

20.000 

9.129 

70,552 

11.892 

955 

112,528 

2000 

21.000 

9,129 

69,552 

11,892 

955 

112.523 

2020 

22.000 

9.129 

68,552 

11.892 

955 

112,528 

1 I ndudet  non-f orested  land  normally  associated  with  forest. 

Rural  non-farm  is  assumed  to  be  all  urban  by  1980.  Built-up  is  based  on  average  urban  density  of  six  persons  per  acre. 
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and  project  approach,  as  explained  in  the  Puget 
Sound  Area  section.  The  plan  will  guide  the  develop- 
ment of  the  resources  of  the  San  Juan  Islands  to 
provide  for  spatial  and  production  requirements  for 
the  expected  population  of  its  service  area  to  the  year 
2020.  The  Islands  offer  few  opportunities  for  projects 
and  programs  to  maintain  or  increase  fish  and 
wildlife,  however,  a number  of  opportunities  exist  for 
the  development  of  facilities  to  meet  recreation 
demands.  No  projects  are  deemed  necessary  until 
after  1980. 

Projects  after  1980 

Several  projects  will  be  initiated  in  the 
1980-2000  time  period  to  remedy  existing  floodwater 
and  drainage  conditions  and  to  develop  lands  toward 
their  potential  for  continued  use.  Benefits  and  bene- 
fit-cost ratios  have  not  been  computed  for  projects 
past  1980.  Table  13-7  gives  brief  summaries  of 
projects  included  in  this  plan: 


TABLE  13-7.  Costs  of  projects  recommended  for 
installation  after  1980 


Watershed  Area  No. 
and  Name^ 

Project 

Area 

Struc.  Meas. 
Installation 
Cost2 

(acres) 

(dollars) 

0-11  Orcas-Waldron  Islands 

46.343 

486.000 

0-12  San  Juan  Island 

39.103 

1,320,000 

0-13  Lopez-Blakely-Decatur 

26.127 

930.000 

TOTAL 

111.573 

2.736,000 

Programs 

Program  measures  refer  to  on-farin  and  urban 
on-site  practices  which  take  advantage  of  improve- 
ments made  possible  by  the  structural  works  of 
improvement,  as  well  as  measures  for  watershed 
protection,  erosion  control,  and  water  management. 
These  measures  will  include  seeding  of  improved 
grasses  and  legumes,  cover  crops,  cropland  and  urban 
drainage  development  made  possible  by  structural 
works  of  improvement,  forest  management  practices, 
and  irrigation  development. 

Table  13-8  shows  a breakdown  of  the  various 
practices  for  each  of  the  three  time  periods. 


Summary  of  Costs 

Costs  for  the  San  Juan  Islands’  plan  (project 
costs  plus  program  costs,  rounded  to  the  nearest 
thousand  dollars)  are  expected  to  be  $1 1 ,897,000  for 
the  early  action  program;  $16,725,000  for  the  years 
1980-2000;  and  $13,720,000  for  the  years  2000 
through  2020.  Total  cost  of  the  plan  will  be 
$42,342,000.  See  page  2-89  et  seq.  for  further 
explanation  of  costs. 


1 See  Figure  13-1  for  location. 

2 1967  prices. 
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TABLE  13-8.  Watershed  management  practices  for  protection  and  development,  by  time  periods,  San  Juan 
Islands 


Practice 

Area 

Cost1 

(acres) 

(thousands  of  dollars) 

First  15  Years 

Technical  anistance  & management 

99,681 2 

2,134 

Federal,  regular 

2,134 

Federal,  accelerated 

0 

Installation  of  practices  (non-Federal) 

9,763 

State  & corporate  management 

990 

Land  treatment 

87,824 

1,594 

Water  management 

9,856 

1,828 

Urban  drainage 

3,964 

5,351 

Total 

11,897 

.19BSL2QQD 

Technical  assistance  & management 

99,68 12 

3,006 

Federal,  regular 

2,871 

Federal,  accelerated 

135 

Installation  of  practices  (non-Federal) 

10,983 

State  & corporate  management 

1,321 

Land  treatment 

87,824 

*2,126 

Water  management 

12,047 

*2,436 

Urban  drainage 

3,778 

*5.100 

Total 

13,989 

2000-2020 

Technical  assistance  & management 

99.6812 

2.871 

Federal,  regular 

2,871 

Federal,  accelerated 

0 

Installation  of  practices  (non-Federal) 

10,849 

State  & corporate  management 

1.321 

Land  treatment 

87,824 

*2,126 

Water  management 

3,000 

*1,800 

Urban  drainage 

4,150 

*5,602 

Total 

13.720 

1 Base:  1967  prices,  except  items  asterisked  are  1967  adjusted  normalized  prices.  (See  page  2-89  et  seq.) 


2 

Total  acres  in  Islands  involved  in  program  measures. 
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EXHIBIT  I 

SOIL  AND  USE  INTERPRETATIONS 
FOR  WATERSHED  MANAGEMENT 

INTRODUCTION 

The  economy  of  the  Puget  Sound  Area  is  rapidly  expanding,  causing 
demands  on  the  water  supply,  changes  in  land  use,  and  other  alterations  of 
the  land  to  meet  the  requirements  of  the  populace.  People  require  water  for 
their  many  enterprises  and  activities,  such  as  supplying  municipal  and 
industrial  needs,  power,  transportation,  irrigation,  and  habitat  for  fish  and 
wildlife.  People  also  need  land  for  production  of  food  and  fiber  and  as  space 
for  living,  for  recreation,  and  other  purposes.  The  land  must  receive  the 
precipitation,  store  and  release  the  water  to  provide  streamflow  and  supply 
water  for  many  other  uses. 

The  purpose  of  these  interpretations  is  to  provide  information  for  judging 
the  suitability  of  soils  for  various  land  uses.  The  varied  needs  for  land  can  be 
met  with  good  planning  if  the  available  supply  and  kind  of  land  is  allocated 
to  the  purpose,  or  range  of  purposes,  for  which  it  is  best  adapted.  Low, 
fertile  areas  are  usually  best  suited  for  cropland,  and  often  poorly  suited  for 
intensive  development;  while  many  terrace  areas  less  suitable  for  crop 
production  provide  the  stability  and  good  drainage  needed  for  urban 
development.  The  higher  forested  areas,  in  turn,  best  provide  water  supply, 
recreation,  and  the  products  of  the  forest. 

Developments  of  an  urban,  or  urban-related  nature  have  a large  impact  on 
the  environment  and  in  future  years  must  be  located  and  installed  with  more 
care  than  has  been  evidenced,  frequently,  in  the  past. 

Not  all  decisions  pertaining  to  development  appear  large  at  first.  Most  cities 
start  with  only  a few  developments.  The  big  effects  on  the  environment  are 
very  apt  to  be  the  aggregate  of  many,  deceptively  small,  developments. 

People,  in  their  search  for  the  good  life  in  new  suburban  areas,  find  too  often 
their  septic  tanks  are  unreliable;  that  the  foundations  of  their  houses  crack 
or  disintegrate;  or  that  basements  are  subject  to  dampness  or  flooding  during 
wet  weather.  Oftentimes,  streets,  schools,  and  other  public  services  are 
difficult  to  operate  and  maintain,  causing  unanticipated  increases  in  taxes 
and  assessments. 

Many  of  the  difficulties  could  be  avoided  by  careful  initial  planning  of  such 
developments  and  by  adequate  financing  of  the  public  services  to  be 
furnished.  The  best  planning  begins  with  a careful  choice  of  site  to  minimize 
inherent  difficulties  caused  by  soil  and  water  conditions.  Failure  to  provide 
good  planning  and  adequate  financial  resources  for  development  may  result 
in  large  economic  losses,  not  only  to  the  individuals  directly  concerned,  but 
to  the  public  at  large. 


iv 


Adequate  land  suitable  for  urban-oriented  development  is  available  in  the 
Puget  Sound  Area.  The  tables  included  here  are  intended  to  give  preliminary 
aid  in  selecting  sites  for  a variety  of  purposes  and  to  help  in  evaluating  the 
difficulties  that  may  be  anticipated  in  development.  Many  variations  in  soil 
conditions  exist,  and  these  tables  are  intended  to  aid  in  preliminary  site 
selection  and  evaluation  only.  Because  of  the  limitations  in  delineating  on  a 
map  conditions  that  may  vary  within  a short  distance,  each  site  considered 
should  be  further  investigated  through  on-site  tests  before  final  selection  is 
made  and  before  design  of  a structure  is  undertaken. 

For  purposes  of  this  study,  a map  was  prepared  to  show  the  general  location 
and  area  covered  by  the  different  soil  series,  grouped  by  soil  associations. 
Soil  mapping  units  are  shown  on  the  more  detailed  county  soil  survey  maps. 
Copies  of  the  National  Cooperative  Soil  Survey  reports  by  counties  are 
generally  available  at  public  libraries  and  at  field  offices  of  the  United  States 
Department  of  Agriculture,  and  should  be  used  for  consideration  of  specific 
locations. 

It  should  be  pointed  out  that  determinations  of  soil  properties  are  made  only 
for  typical  soils  and  estimated  as  representative  of  larger  groups  for  the 
purpose  of  general  interpretations.  Specific  sites  or  soil  bodies  may  show 
moderate  variations  from  the  values  shown  on  the  tables  which  follow. 

Measurement  of  quadrangle  maps  of  the  Puget  Sound  Area  by  the  United 
States  Geological  Survey  determined  the  area  of  (and  and  fresh  water  to  be 
8,547,220  acres.  However,  for  this  report,  it  was  necessary  to  measure  the 
Cooperative  Soil  Survey  maps  by  counties  to  determine  areas  of  soils  by 
series  for  use  in  soil  interpretations,  and  to  measure  aerial  photographs  to 
determine  the  acreages  for  the  generalized  land  use  categories  of  cropland, 
rangeland,  forest,  rural  non-farm,  urban  built-up.  and  fresh  water.  Measure- 
ments were  made  by  polar  planimeter  and  compiled  by  automatic  data 
processing. 

The  total  area  obtained  by  these  measurements  is  8,556,773  acres,  a small 
deviation  from  the  total  derived  by  the  U.  S.  Geological  Survey.  Other 
differences  may  be  found  at  the  basin  levels;  however,  the  results  are  deemed 
adequate  for  planning  purposes,  and  no  attempt  has  been  made  to  factor  the 
many  component  measurements  to  produce  reconciled  figures.  In  general, 
acreages  have  not  been  rounded  and,  in  lieu  of  rounding,  should  be  regarded 
as  probably  accurate  to  the  third  significant  figure. 
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LAND  USE  AND  OWNERSHIPS  - 1968 \ 


DETERMINATION  OF  PRESENT  LAND  USE 

To  determine  how  the  land  of  the  Puget  Sound  Area  is  being  used  at  the 
present  time,  the  latest  aerial  photographs  (about  1965,  scale  1:31,680)  were 
obtained  and  checked  for  interpretation  and  currency  by  field  reconnais- 
sance. These  aerial  photographs  were  measured  and  the  acreages  tabulated  by 
watersheds  and  basins.  The  tabulations  included  Federally-administered 
lands,  such  as  national  forests  and  national  parks.  The  acreages  are  not 
rounded  and  it  should  be  recognized  that  accuracy,  being  based  on 
cartographic  detail  as  well  as  planimetry,  is  less  than  may  be  indicated  by  the 
exact  figures  given. 

Tables  1 and  2 present  acreages  for  five  generalized  kinds  of  land  use  and 
fresh  water.  Table  2 identifies  the  watershed  areas  by  number  within  the 
river  basins.  Figure  1,  Generalized  Land  Use  map,  shows  these  locations. 
Figure  2,  Generalized  Ownership  map,  was  compiled  from  usual  sources  of 
record  and  serves  to  indicate  patterns  of  ownerships  as  of  1966. 

An  attempt  was  made  to  tabulate  areas  by  use  and  not  necessarily  by  land 
cover.  For  example,  a wooded  area  used  primarily  for  housing  was 
considered  as  a built-up  area  rather  than  forest.  Definitions  of  the  uses 
tabulated  are: 


1.  Cropland— All  arable  land  (land  which  has  been  plowed  and  can  be  plowed 
without  other  preparation)  used  for  production  of  forage  or  other 
agricultural  crops. 

2.  Rangeland— Unplowed  open  land  (Jess  than  10  percent  forest  canopy), 
usually  in  native  grass  species  and  often  tidelands  or  open  prairie-like  areas. 

3.  Total  Forest— Lands  generally  having  a growth  of  timber  of  more  than  10 
percent  canopy,  regardless  of  age  or  size.  These  lands  include  some 
undifferentiated  non-forested  areas.  Privately-owned  areas  classed  as  rural 
non-agricultural  or  urban  because  of  density  of  housing  are  excluded. 
Acreages  will  not  agree  with  classifications  made  for  purposes  not  based  on 
economic  use. 

4.  Rural  Non-Agricultural— Farmsteads,  rural  residences  (where  there  are 
three  or  less  to  10  acres),  riverwash,  and  mines. 

5.  Built-up  Area— Railroads,  roadways,  airports,  residential  (where  there  are 
more  than  three  dwellings  to  ten  acres),  urban,  industrial,  commercial, 
cemeteries,  etc. 

6.  Fresh  Water— Fresh  water  lakes,  ponds,  reservoirs,  and  streams  of  a size 
measurable  on  map  scale. 


Table  1.  Summary  of  land  use  by  basin  in  Puget  Sound  Area 
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2/  Includes  alpine  and  other  non-forested  lands  normally  associated  with  forest;  excludes 
rural  non-agricul tural  and  urban  built-up  lands. 


Table  2.  Land  use  by  watershed  and  basin,  Puget  Sound  Area, 
(acres)  y 


Watershed  Areas  (by  number) 

Cropland 

Rangeland 

Total 
Forest  2/ 

■WlflHi 

Built- 

up 

areas 

Fresh 

Water 

Total  area 
land  and 
fresh 
water 

NOOKSACK-SUMAS  BASINS 

10-1  N.  Fork  Nooksack  River 

2,278 

579 

176,174 

1,352 

594 

1 ,264 

182,241 

10-2  M.  Fork  Nooksack  Rfver 

202 

92 

62,291 

225 

35 

356 

63,201 

10-3  S.  Fork  Nooksack  River 

4,185 

1,109 

115.478 

999 

407 

985 

123,163 

10-4  Middle  Trlbs.  Nooksack 

7.754 

322 

14,250 

936 

469 

1 ,417 

25.148 

10-5  Anderson  Creek 

2,241 

317 

6,024 

121 

86 

8,789 

10-6  Bertrand-Fi shtrap  Creek 

18.501 

K Js 

3.237 

716 

1.151 

265 

24,179 

10-7  Wiser  Lake-Tenmlle  Area 

27.265 

8,061 

797 

780 

310 

38,615 

10-8  Lower  Trlbs.  Nooksack 

14,511 

mJi 

3,269 

826 

842 

1,024 

20.859 

Nooksack  River  Basin 

76,937 

4.517 

388,784 

5,972 

4,364 

5,621 

486,195 

11-1  Upper  South  Trlbs. Sumas 

125 

108,837 

265 

4 

247 

109,478 

1 1-2  Saar  Creek 

3.512 

109 

5,769 

91 

129 

9,610 

11-3  Sumas  River 

18,287 

923 

12,650 

564 

655 

137 

33,216 

21,924 

1,032 

127,256 

920 

788 

384 

152,304 

0-1  Dakota  Creek 

8.270 

847 

9,706 

483 

1 ,008 

52 

20,366 

0-2  Coastal  Creeks 

4,363 

768 

7,681 

1,705 

2,185 

3 

16,705 

0-3  Terrell  Creek 

5,581 

620 

2.773 

241 

288 

438 

9,941 

0-4  California  Creek 

8,384 

771 

4,118 

392 

527 

69 

14,261 

0-5  Silver  Creek 

5.704 

419 

3,479 

662 

602 

139 

11,005 

0-6  Squall  cum  Creek 

4.504 

1,315 

7,575 

779 

3,063 

48 

17,284 

0-7  Lake  Whatcom 

650 

565 

30,317 

673 

4,630 

5.198 

42,033 

0-8  Chuckanut  Mountain 

366 

183 

18,217 

266 

3,320 

177 

22,529 

0-9  Lummi  Island 

809 

563 

9.675 

576 

121 

11,744 

Pacific  Drainages 

38,631 

6,051 

93.541 

5,777 

15,744 

6,124 

165,868 

137,492 

11,600 

609.581 

12,669 

20,896 

12,129 

804,367 

SKAGIT-SAMISH  BASINS 

9-1  Upper  Skagit  River 

1.561 

3,896 

692,781 

3,448 

669 

14,130 

716,485 

9-2  Baker  River 

III 

246 

181,676 

10 

188 

6,693 

188,924 

9-3  Cascade  River 

80 

116,508 

750 

137 

1,146 

118,621 

9-4  Sulattle  River 

50 

40 

221,319 

166 

1,762 

223,337 

9-5  Sauk  River 

775 

330 

240,049 

2,639 

653 

2,221 

246,667 

9-6  North  Skagit  Trlbs. 

9,882 

1,063 

53.562 

847 

1,832 

1.031 

68,217 

9-7  South  Skagit  Trlbs. 

2,476 

641 

110,815 

516 

591 

2.375 

117,414 

9-8  Gages  Slough 

7,100 

1,116 

1,362 

2,720 

2,12' 

335 

14,754 

9-9  Nookachamps 

7,480 

2,593 

34,740 

1 .668 

1 ,096 

1 ,461 

49,038 

9-10  South  Mt.  Vernon 

11,500 

1.520 

14,881 

1,788 

2.443 

485 

32,617 

5k«9't  ft|v*r  Dfiln 

41,015 

11,445 

1,667,693 

14,386 

9.896 

31,639 

1,776.074 

0-14  Samlsh  River 

27.737 

4.195 

51,765 

2,089 

1,896 

983 

88,665 

Samlsh  River  Basin 

27.737 

4,195 

51.765 

2,089 

1 ,896 

983 

88,665 

0-10  FI  dal  go  Island  Group 

3,226 

109 

29,153 

1,597 

5,204 

1,010 

40.299 

0-15  Skagit  Flats 

28,487 

3.999 

4.834 

2,020 

1,808 

1,777 

42,925 

Pacific  Drainages 

31,713 

4,108 

33.987 

3.617 

7,012 

2,787 

83.224 

TOTAL  SRAG1T-SAHISH  BASINS 

100,465 

19,748 

1,753,445 

20,092 

18,804 

35.409 

1.947,963 

STILLAGUAMISH  BASIN 

0-17  N.  Fork  Stl llaguamlsh 

7,388 

10 

170,296 

1,592 

1,308 

1.365 

181.959 

0-18  S.  Fork  Stl 1 laguaml sh 

3.240 

123,933 

787 

883 

777 

129,620 

0-19  Jim  Creak 

1.233 

27.103 

730 

241 

146 

29,453 

0-20  Pil chuck  Creek 

2.803 

227 

44,316 

793 

670 

856 

49.665 

0-21  Lower  Stl 1 laguaml sh 

15.436 

323 

18,096 

1,520 

2,639 

1.568 

39,582 

0-22  Church  Creek 

4.431 

456 

1.706 

SI0 

957 

9 

8.069 

Pwlflt  BnlMwi 

34,531 

1,016 

385,450 

5.932 

6,698 

4,721 

438,348 

34,531 

1,016 

385,450 

5.932 

6,698 

4,721 

438,348 
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Table  2.  Land  use  by  watershed  and  basin,  Puget  Sound  Area  (con.) 
(acres)  W 


Watershed  Areas  (by  number) 

Cropland 

Rangeland 

Total 
Forest  2/ 

Rural 
non - 

agricul- 

tural 

Built- 

up 

areas 

Fresh 

Water 

Total  area 
land  and 
fresh 
water 

WHIDBEY-CAMANO  ISLANDS 

0-16  North  Island 

9.374 

679 

20,220 

2,276 

7,923 

259 

40,731 

0-23  Camano  Island 

2.897 

539 

17.966 

3,183 

679 

60 

25.324 

0-24  Central  Island 

5,607 

1,108 

19,263 

3,214 

1,118 

76 

30,386 

0-25  South  Island 

5.128 

128 

26,620 

3,746 

1.267 

324 

37.213 

Pitif.it  Pr«Ui««» 

23,006 

2.454 

84,069 

12,419 

10,987 

719 

133.654 

23,006 

2,454 

84,069 

12,419 

10,987 

719 

133,654 

SNOHOMISH  BASIN 

i 

8a  Snoqualmle  River 

20,150 

420 

406,867 

4.287 

5,087 

8,875 

445,686 

8b- l Skykomish  River 

5.806 

75S 

411,039 

6,682 

2,334 

6,812 

433, 42 B 

8b-2  Sultan  River 

400 

68,132 

246 

171 

1.865 

70.814 

8b-4  Woods  Creek 

3,502 

35.788 

983 

607 

. 494 

41,374 

8-1  PI  1 chuck  River 

7.076 

40 

64,056 

4,277 

3.005 

1,830 

80,284 

8-2  French  Creek 

8.328 

50 

7.437 

1,411 

649 

190 

18,065 

8-3  Cathcart  Area 

1 .91 1 

6.419 

401 

166 

349 

9.246 

8-4  Snohomish  Estuary 

18,029 

1,114 

15.809 

6,066 

9.204 

1.997 

52,219 

8-5  Marshland  Area 

5.875 

6.776 

1,302 

1,010 

304 

15,267 

ingbg"iti>  Mm 

71.077 

2,379 

1,022,323 

25,655 

22,233 

22,716 

1.166.383 

0-26  Edmonds-Mukl 1 teo 

9.613 

1,428 

13,445 

47 

24,533 

0-33  Tulal Ip-Warm  Beach 

675 

45 

22.763 

2,277 

677 

1,098 

27.535 

P«cific  Pr.m.Ml 

675 

45 

32,376 

3,705 

14,122 

1,145 

52,068 

jtm  .m-ii" 

71.752 

2,424 

1.054,699 

29,360 

36,355 

23,861 

1 ,218,451 

CEDAR  BASIN 

0-27  Swamp,  Bear,  North  Creeks 

3,863 

80 

19,844 

11,161 

9.847 

281 

45,076 

0-28  Lake  Washington 

1,660 

16,039 

3,076 

61.721 

22,690 

105,186 

0-29  Upper  West  Slope  Seattle 

20,392 

1,019 

21,411 

0-30  Sammamish  River 

12,084 

291 

70,617 

7,055 

11,462 

5,632 

107,141 

0-31  Cedar  River 

2.672 

749 

104,141 

4,087 

3,094 

3,266 

118,009 

Pitifit  JriiMWi 

20,279 

1,120 

210,641 

25.379 

106,516 

32,888 

396,823 

T?n  ft*l>  IMI» 

20,279 

1,120 

210,641 

25.379 

106,516 

32,888 

396.823 

GREEN  BASIN 

0-34  East  Side  Green  River 

14.579 

1,564 

34,68s 

6,224 

17,957 

2,274 

77.283 

(Black  Diver) 

0-35  West  Side  Green  River 

8.940 

103 

7.852 

389 

14,168 

952 

32,404 

(Hilt  Creek) 

0-37  Upper  Green  River 

9.448 

535 

186,821 

1,404 

2.150 

2,620 

202,978 

Urttn  Diver 

32,967 

2,202 

229.358 

8.017 

34,275 

5.846 

312,665 

0-29  Lower  West  Slope  Seattle 

65 

893 

15.906 

63 

16,927 

0-36  Lakota-Des  Moines 

71 

30 

5,796 

949 

9,704 

41 

16,591 

Pacific  Drainages 

136 

30 

6,689 

949 

25,610 

104 

33,518 

TATA!  r.OFFU  Ml  Ufa  AACIU 

33,103 

2,232 

236,04^ 

8,966 

59.885 

5.950 

346,183 
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Table  2.  Land  use  by  watershed  and  basin,  Puget  Sound  Area  (con.) 
(acres)  J./ 


Watershed  Areas  (by  number) 

Cropland 

Rangeland 

Total 
Forest  2/ 

Kura  I 
non- 
ag n cul- 
tural 

Built- 

up 

areas 

Fresh 

Water 

Total  area 
land  and 
fresh 
water 

PUYALLUP  BASIN 

7-1 

White  River 

15.676 

378 

285,850 

6,989 

7,266 

5.582 

319,721 

7-2 

Carbon  River 

1,376 

90 

86,702 

686 

738 

705 

88,295 

7-3 

Puyal 1 up  River 

11,856 

1,135 

133,769 

8,072 

16,01 1 

2,008 

170,831 

7-6 

South  Prairie  Creek 

2,692 

175 

52,336 

560 

613 

101 

56,077 

Puval lup  Ri ver 

31 ,600 

1,778 

556.637 

16,305 

22,608 

8,396 

636,926 

0-38 

Hylebos  Creek 

1,281 

177 

7,239 

915 

6.388 

263 

16,263 

0-39 

Wapato  Creek 

1,699 

20 

829 

1 ,608 

2.651 

100 

6,507 

0-40 

Fort-Lewi s-Tacoma 

2,673 

3,708 

28,636 

9,101 

66,199 

2,538 

112,653 

Pacific  Drainages 

5,653 

3,905 

36,702 

11,626 

75,038 

2,901 

135.623 

TOTAL 

36,853 

5.683 

593.339 

25,729 

97,666 

11,297 

770,367 

Nl SQUALLY  BASIN 

0-41 

Muck  Creek 

9,979 

15,685 

61,697 

1,386 

1.787 

344 

70,876 

0-42 

Horn-Tanwax  Creeks 

6,633 

6,052 

26,657 

572 

292 

819 

36,625 

0-43 

Ohop  Creek 

2,009 

85 

26,720 

669 

321 

639 

28,063 

0-44 

Mashel  River 

560 

565 

52,327 

220 

568 

36 

56,236 

0-45 

Nisqually  River 

12,273 

13.661 

236,676 

3,723 

2,533 

5,832 

276,676 

P8tifi.£-Prgi  nays 

29,256 

36,008 

379,675 

6,368 

5,681 

7,668 

662,256 

TOTAL 

29,256 

36,008 

379,675 

6,368 

5.681 

7.668 

662,256 

0ES CHUTES  BASIN 

0-1*6 

Oeschutes  River 

6,650 

6,466 

76,276 

2,368 

6,308 

817 

96,865 

0-1*7 

Henderson  Inlet  Area 

8,526 

2,109 

36,281 

8,626 

7,164 

1,697 

66,001 

0-1*8 

West  Budd  Inlet  Area 

1 ,074 

905 

16,566 

2,767 

2,966 

283 

22,539 

Pacific  Drainages 

16,268 

9,680 

127,123 

13,561 

16,616 

2,597 

183,605 

KUAi. 

16,268 

9,680 

127.123 

13,561 

16,616 

2,597 

183,605 

WEST  SOUND  BASINS 

0-56 

S.  Fork  Skokomish  River 

1 ,900 

40 

79,607 

8o 

296 

313 

82,236 

0-57 

N.  Fork  Skokomish  River 

70 

40 

69,199 

650 

82 

6,355 

76,196 

Skokomish  River 

1.970 

80 

168,806 

530 

376 

6,668 

156,630 

0-1*9 

Skookum  Creek 

3,363 

200 

66,160 

3,532 

1,066 

531 

56,832 

0-50 

Isabella  Creek 

821 

18,019 

2,256 

806 

338 

22,260 

0-51 

Anderson  Island 

607 

6,205 

216 

4 

163 

5,175 

0-52 

McNei 1 1 stand 

1,268 

2,760 

88 

101 

115 

6,332 

0-53 

Hartstene  Island 

650 

11,530 

1.617 

13,597 

0-56 

Goldsborough  Creek 

907 

89 

36,599 

370 

2,536 

274 

38,775 

0-55 

Northwest  Shelton 

1,726 

130 

90,609 

8,639 

1,699 

2,621 

105,022 

0-58 

West  Hood  Canal 

27,938 

2,188 

282 

177 

30,585 

0-59 

Tahuya  River 

70 

27.237 

796 

198 

691 

28,790 

0-60 

North  Hood  Canal 

621 

28,170 

2,815 

1.233 

362 

33,201 

0-62 

Carr  Inlet  Area 

6,287 

660 

60,526 

10,616 

3,933 

389 

80,209 

0-63 

Vashon  Island 

3,870 

563 

15,368 

2,400 

918 

6 

23.105 

0-66 

Hamma  Mamma  River 

59,096 

310 

58 

268 

59,712 

0-67 

Dosewal 1 ips-Duckabush 

241 

8 

166,111 

1,662 

131 

275 

166,608 

0-68 

East  Hood  Canal 

178 

51,267 

1.953 

663 

328 

56,169 

0-69 

West  Kl tsap  Area 

4,649 

386 

53,216 

6,861 

13,226 

683 

76,821 

0-70 

East  Kl tsap  Area 

7,616 

1,138 

68,262 

10,907 

7.219 

527 

95,667 

0-71 

Qul lcene 

967 

55 

75,088 

1,335 

200 

22  S 

77.870 

0-72 

East  Jefferson 

3,667 

1,197 

109,185 

5.578 

6,539 

663 

126,629 

0-73 

Chimacum 

6,257 

226 

16,981 

398 

666 

108 

22.636 

0-75 

Sequlm  Bay  Area 

765 

15 

20,906 

637 

156 

23 

22  ,682 

0-76 

Johnson  Creek 

3,939 

610 

9.869 

526 

593 

II 

15.528 

Piclflc  Drainages 

66,265 

5,057 

976,860 

63,678 

61,785 

7,938 

1.137.563 

TOTAL 

66,215 

5,137 

1,123,666 

66,208 

62,161 

12,606 

1.113.993 
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Table  2.  Lend  use  by  watershed  and  basin,  Puget  Sound  Area  (con.) 
(acres)  J./ 


Watershed  Areas  (by  number) 

Cropland 

Rangeland 

Total 
Forest  £/ 

EQnHH 

Built- 

up 

areas 

Fresh 

Water 

Total  area 
land  and 
fresh 

we ter 

0-77 

ELWHA- OUNCE NESS  BASINS 
Dungeness  River 

19.936 

975 

119.500 

i 

2,266 

967 

361 

139.005 

gun«wnm  IU.Y»r 

14,936 

975 

119.500 

2,266 

967 

361 

139,005 

0-78 

McDonald  Creek 

1.955 

241 

13,580 

103 

74 

4 

15.957 

0-79 

Siebert  Creek 

2,100 

210 

12,435 

196 

136 

2 

15,079 

0-80 

Morse  Creek 

2,402 

475 

41,780 

1,185 

411 

55 

46.308 

0-81 

Ennis  Creek 

152 

180 

5.193 

199 

352 

8 

6,084 

0-82 

Port  Angeles 

1,424 

232 

10,062 

892 

3.630 

8 

16,248 

Pacific  Dralnaoal 

8.033 

1,338 

83,050 

2.575 

4.603 

77 

99,676 

0-83 

El whs  River 

752 

104 

206,941 

232 

341 

1,406 

209,776 

Elffhf  ftirtr 

752 

104 

206,941 

232 

341 

1,406 

209,776 

ifiiiL 

23,721 

2.417 

409.491 

5.073 

5.911 

1,844 

448,457 

0-11 

SAN  JUAN  ISLANDS 
Orcas-Waldron  Islands 

3,407 

2.295 

36,881 

3,185 

575 

484 

46,827 

0-12 

San  Juan  (Stewart)  Is. 

8.967 

5,042 

20,634 

3,081 

1.379 

279 

39.382 

0-13 

Lopez-Blakely-Decetur 

6,220 

1,792 

14,443 

2,852 

820 

192 

26.319 

Pacific  Dr.ln.Mi 

18,594 

9,129 

71.958 

9.118 

2.774 

955 

112,528 

^ 'lll“  ‘aMBS 

18.594 

9.129 

71,958 

9.118 

2,774 

9SS 

112,528 

GRAND  TOTAL 

591,513 

106,448 

7,039,184 

238,854 

428.330 

152.444 

8,556,773 

1/  Unadjusted  measurements , 1*66,  tor  Puget  Sound  Area  Study,  based  on  1965  aerial  photographs.  Acreages 

differ  slightly  from  ownership  figures  In  Table  1-7  of  Appendix  V.  Water  Related  Land  Resources,  because  of  differences 
In  data  collection  aethoda. 

2/  Includes  alpine  and  other  non- forested  land  normally  associated  with  forest;  excludes  urban  built-up  and  rural 
non- farm  lands. 


CANADA 


DISTRIBUTION  OF  SOILS 


The  areal  extent  and  general  distribution  of  soils  of  the  Puget  Sound  Area,  as 
shown  by  mapping  units  on  published  and  unpublished  soil  survey  maps, 
were  measured  and  tabulated.  Data  obtained  are  made  available  here  to 
planners  and  others  interested  in  knowing  the  area  of  a given  soil  in  a 
particular  watershed.  Areas  by  subwatersheds  also  are  available  from  the  Soil 
Conservation  Service. 

MAPPING  UNITS 

A soil  mapping  unit,  usually  a soil  series,  type,  and  phase,  is  a portion  of  the 
landscape  that  has  similar  characteristics  and  qualities  and  whose  limits  are 
fixed  by  precise  definitions.  Considering  cartographic  limitations  and  the 
purpose  for  which  the  map  was  made,  the  soil  mapping  unit  is  the  area  about 
which  the  greatest  number  of  precise  statements  can  be  made.  The  soil 
mapping  unit  provides  the  most  detailed  soils  information  and  is  the  basis  for 
all  interpretive  groupings  of  soils.  It  furnishes  the  information  needed  for 
developing  capability  units,  forest  site  groupings,  crop  suitability  groupings, 
and  other  interpretive  groupings.  The  most  specific  management  practices 
and  estimates  of  yields  are  related  to  the  individual  mapping  unit. 

Table  3,  Index  of  Mapping  Units,  Puget  Sound  Area,  lists  mapping  units 
alphabetically  with  their  range  of  slope;  capability  class,  subclass,  anti  unit; 
hydrologic  groups;  drainage  group;  woodland  group;  and  wildlife  suitability 
group  designations.  This  table  will  serve  as  a reference  or  guide  to  the  other 
tables  presented  here.  It  provides  a means  of  determining  interpretive  groups 
of  mapping  units  that  are  delineated  on  county  soils  maps.  Definitions  of 
these  group  designations  are  given  where  applicable. 
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Table  3.  Index  of  mapping  unit*,  Puget  Sound  Area  J./ 


AGNEV 

I 

fsl 

fs! 

*1 

*1 

t Id 
slcl 
*lcl 

AGNEW-ELWHA 

complex 

ALDERWOOD 

I 

I 

fsl 


gsl 

9*1 

9*1 

9*1 

9*1 

9*1 

gsl (shal Ion) 
gsl (shal low) 
gsl (shal low) 
gsl (shallow) 

9l 

9l 

91 

9* 

9l 

stl 

st  1 

stl 

Is 

Is 

sll 

ALLUVIAL  SOILS 
Undi f farentlatad 
Undi fferantiated 

ASTORIA 

sll 

sll 

AHL 
vgsi  1 
complex 
r (complex) 

BARNESTOR 

gfsl 

gfsl 

gfsl 

gsl 

gsl 

stsll 

9>» 

9>» 

sll 

sll 

sll 

BARNISTON-WILKESON 

complex 


gsl 
gsl 
gsl 
gsl  I 
gsl  I 
BELFAST 
fsl 

• I 

•II 

• II 


III  ew  01 
VI  ew  21 
IV  ew  22 
IV  ew  22 
VI  ew  21 
IV  sw  09 
IV  sw  09 

IV  ew  22  , 
IV  ew  22 
VI  ew  21 

VII  ew  30 
IV  ws  43 
IV  ew  22 
IV  ew  22 
VI  ew  21 
III  sw  09 

IV  ew  22 
IV  ew  22 
VI  ew  21 
VII  ew  30 
VI  ew  21 
VI  ew  21 
VI  ew  21 
VI  ew  21 
VI  ew  21 
III  ew  01 

V ws  21 
III  ws  OS 

VI  es  25 
VI  es  25 

VII  es  35 
VII  es  35 
VII  es  36 

IV  s 01 
IV  s 01 
VI  es  19 
IV  s 01 


VI  es  19 

VI  es  19 

IV  s 01 
IV  es  06 
VII  es  29 
IV  es  06 
VI  es  19 

III  ws  01 
III  ws  01 
III  ws  01 
II  ws  03 


- 06  16 
A 06  16 


I (shal low) 

9l 

gi 

9l 

9> 

9l 

gsl  I 

gsl  1 

gsl  1 

stsll 

sll 

sll 

sll 

sll 

sll 

si  I (shal low) 

sll (shal low) 

slcl 

slcl 

cl 

cl 

BOZARTN 

fsl 

fsl 

BUCKLEY 

1 

sll 

cl 

BUCKLEY-ENUHCLAW 

CAGEY 

si 

gfsl 

gfsl 

gsl 

gsl 

gsl 

91 

sll 

sll 

CAGEY- MORMA 
complex 

CAMAS 

9* 

cl 


0 01  19 

C 01  19 

0 01  19 
0 01  19 


muck 

muck ( she 1 low) 
muck(Snoho.) 


gsl 

CAMTAIM 

9' 

cmcv 


I V ws  II 
I V w>  II 
IV  ew  12 
VI  ew  28 
IVm  II 
IVh  II 
IV  ew  12 
IV  ew  12 
VI  ew  28 
'll  ew  31 

II  wt  II 
1 1 we  16 
VI  ew  28 
VI  ew  28 
IVM  II 
IV  ew  12 
IV  ew  12 
VI  ew  28 
'll  ew  31 
IVm  II 
I V wi  II 
IV  ew  12 
IV  ew  12 
IV  ew  12 
VI  ew  28 

IVm  <.9 
IV  ew  22 

II  wt  10 
IV  wt  10 
II  ws  10 
IV  wt  10 


0 10  3 

0 10  9 

0 10  9 

0 10  3 

0 10  3 

0 10  9 

0 10  9 

C II  10 
C II  10 


I wt  06 

V wt  06 

V wt  06 


0-3  VI  t 10 

0-3  IV  t 10 

0-3  VI  t 21 


0 03  18 
0 03  IS 
0 12  18 


0-3  IV  wt  18  C I 09  9 


Table  ).  Index  of  mopping  unit*,  Puget  Sound  Area  (con)  J/ 


HAPPING  UNIT  J/ 


ga | Capab 1 1 1 ty 
f 

P« 


8-15  IV  ew  12 
15-JO  VI  ew  28 
0-3  IV  w*  1 1 
8-15  IV  ew  12 
15-30  VI  ew  28 
0-3  III  w*  II 

3-8  III  es  02 
8-15  IV  es  09 
15-30  VI  es  20 
30-45  VII  es  35 
3-8  III  es  02 
3-8  IV  es  09 
8-15  IV  es  09 
15-30  VI  es  20 
30-95  VII  es  35 
3-8  III  es  02 
15-30  VI  es  20 
30-45  VII  es  35 
8-15  VI  es  20 
15-30  VI  es  20 
30-45  VII  es  35 
3-8  III  es  02 

0-3  II  ws  04 
0-3  II  ws  04 
0-3  M ws  04 

3-8  VI  s 12 
15-30  VI  as  22 
3-8  VI  s 12 
15-30  VI  es  22 
8-15  VI  se  13 
15-30  VI  es  22 

0-3  II  s 01 


3-8  III  ew  03 
30-45  VII  aw  32 
3-8  IV  aw  03 
15-30  VI  aw  23 
3-8  1 1 1 aw  03 

15-30  VI  es  23 

0-3  III  ws  10 

3-8  III  ws  09 
3-8  IV  ws  12 
8-15  IV  aw  14 
15-30  VI  aw  21 
8-15  IV  aw  14 
8-15  IV  aw  14 

0-3  VIII  aw  39 
3-8  VIII  aw  39 

0-3  II  ws  04 
0-3  III  ws  01 
0-3  II  ws  04 
0-3  II  ws  04 
0-3  III  ws  03 
0-3  III  ws  01 

0-J  IV  s 01 
3-8  IV  as  06 
8-15  IV  as  06 
15-30  VI  as  19 
30-45  VII  as  29 

3-8  VI  aw  21 


HAPPING  UNIT  2/ 


COLVOS(con) 

fsl 

fsl 

complex 

complex 

complex 

C0UPLEVILLE 

I 

sll 

C0VELAND 

I 

I 

gi 

gi 

gsi  I 
gsl  I 
sll 
sll 
stsil 
CRESCENT 

gi 

CUSTER 

fsl 

si 

sll 

0AYB0B 

vgsl 

vgsl 

DELPHI 

gi 

gi 

DICK 
Ifs 
I s 

Is (comp  I ex) 
DISCOVERY  BAY 
gsl 
gsl 

gsl  (complex) 
gsl (complex) 
vgsl (complex) 
vgsl  (complex) 
vgsl (complex) 
DUNGENESS 
I 

fsl 

fsl  (shallow) 
sll 

DUPONT 

muck 

EBEYS 

si 

si 

EDGEWICK 
vf  si 
fsl 
s 

sll 

EDH0NDS 

1 

fsl 

si 

Is 

sll 

CL0 

I 

*1 
sll 
si  cl 
aWNA 
I 
I 

ENUHCUW 

I 

I 


15-30  VI  ew  21 
30-45  VII  ew  30 
3-8  VI  ew  21 
15-30  VI  ew  21 
30-45  VII  ew  30 

0-3  II  ws  12 
0-3  II  ws  12 

0-3  III  ws  10 
3-8  III  ew  01 
0-3  III  ws  10 
3-8  III  ew  01 
0-3  III  ws  10 
3-8  1 1 1 ew  01 

0-3  III  ws  10 
3-8  1 1 1 ew  01 

8-15  VI  ew  28 


III  ws  08 
III  ws  08 
III  ws  08 

VI  es  20 
VI  es  20 


3-8  III  s 06 
8-15  VI  se  13 
3-8  VI  s 12 

15-30  VI  es  27 
30-45  VII  es  30 
15-30  VI  as  27 


II  ws  01 
II  ws  01 
VI  ws  19 
II  ws  03 

II  ws  08 
II  ws  08 
II  ws  08 
IV  ws  08 
II  ws  08 


IV  aw  03 
VI  aw  23 


02 

19 

02 

19 

02 

9 

02 

9 

01 

9 

01 

9 

01 

9 

01 

9 

01 

9 

01 

9 

02 

9 

- 

3 

08 

6 

15 

6 

08 

6 

. 

10 

10 

. 

8 

11 

8 

. 

II 

- 

1 1 

- 

5 

. 

5 

- 

5 

- 

5 

11 

5 

11 

5 

- 

5 

• 

5 

01 

19 

01 

19 

01 

19 

01 

19 

12 

18 

02 

19 

02 

19 

01 

17 

01 

17 

01 

15 

01 

17 

08 

6 

08 

6 

08 

6 

06 

6 

08 

6 

01 

19 

01 

19 

01 

19 

01 

19 

07 

12 

07 

12 

07 

3 

07 

3 

T'i 


Table  3.  Index  of  mapping  units*  Puget  Sound  Area(con)  W 


MAPPING  UNIT  2/ 


Range  Capability 
of 

Slope  S 

I"  . 2 

Per-  ; “ r 

cent  u m o 


MAPPING  UNIT  2/ 


e a — |*o 

5 3,  5 l£ 


I NDIANOLA-ROCHE 


VI  s 18 
VI  se  17 


VI  es  19  6 II  3 

VII  ew  30  8 II  3 

VI  ws  19 
VI  ws  19 
VI  w>  19 
VI  w*  19 

III  we  17 
VI  ew  21 
III  w*  12 
III  we  17 
IV  ew  22 
VI  ew  21 
III  we  17 
VI  ew  21 

VI  l 12 
VI  % 12 

VI  >e  13 
VI  es  22 
VII  es  29 

III  » 01 
IV  es  06 
VI  es  19 
VII  es  35 

III  ew  01 
IV  ew  14 
VI  ew  21 
III  ws  12 
III  ew  01 
IV  ew  14 
VI  ew  21 
VII  ew  30 
IV  ws  12 
IV  ew  14 


VI  s 12 

VI  s 12 

VI  s 13 

VI  es  22 

VI  * 12 

VI  * 12 

VI  se  13 

VI  es  22 

VI  s 12 

VI  s 12 

VI  se  13 

VI  es  22 

III  ws  02  A 01  3 

III  ws  02  A 01  3 

IV  ws  02  A 01  3 

III  ws  02  A 01  3 

III  ws  02  A 01  3 

III  ws  02  A 01  3 

IV  ws  08  0 08  16 

IV  ws  08  0 08  16 

IV  ws  08  0 08  16 


KOrlAH 

I 

sil 
si  cl 

LA  BOUNTY 
s 1 1 
sll 
si  1 

LA  BOUNTY-McKENNA 
comp I ex 


1 

si 

si 

si 

St 

gsl 

gsl 

9* 

9» 

Is 

Is 

Is 

Is 

IYSTAIR 

fsl 

si 

si 

si 

Is 

Is 

HADE  LAND 
MARBLEM0UNT 


MAYT0WN 

I 

fsl 

sll 

slcl 

MCKENNA 

1 

I 

9* 

gel 

slcl 

MUCK(McMurrey) 

McHUAAAY 

peet 

peet 

peet (she I low) 
MELBOURNE 
I 
I 
I 

ttl 

stl 

slcl 

slcl 

slcl 

MURILTIO 

peet 

peet 

peet(shal low) 
NATIONAL 
l(puelcy) 


IV 

ws 

II 

IV 

ws 

11 

1 ,v 

ws 

11 

i III 

ws 

12 

IV 

ew 

14 

VI 

ew 

21 

Ml 

ws 

10 

1 1 

ws 

04 

II 

ws 

04 

Ml 

ws 

03 

III 

s 

01 

III 

s 

01 

VI 

s 

18 

IV 

s 

01 

IV 

se 

05 

VI 

es 

19 

IV 

s 

01 

IV 

se 

05 

IV 

s 

01 

IV 

s 

01 

VI 

s 

18 

VI 

s 

18 

VI 

se 

17 

VI 

es 

19 

IV 

se 

05 

VI 

s 

14 

VI 

se 

15 

VI 

es 

19 

VI 

s 

14 

VI 

es 

19 

VIII 

s 

00 

VI 

as 

25 

VIII 

ws 

23 

II 

ws 

04 

III 

ws 

03 

II 

ws 

04 

II 

ws 

04 

IV 

ws 

09 

IV 

aw 

12 

IV 

ws 

09 

IV 

ws 

09 

Ml 

ws 

10 

IV 

ws 

06 

II 

ws 

06 

IV 

ws 

06 

IV 

ws 

06 

VI 

as 

25 

VI 

as 

25 

IV 

as 

16 

VI 

as 

25 

VI 

as 

25 

IV 

as 

|6 

VI 

as 

25 

VII 

as 

33 

II 

ws 

06 

II 

ws 

06 

IV 

ws 

06 

IV 

s 

12 

Table  3.  Index  of  mapping  units,  Puget  Sound  Area(con)  W 


HAPPING  UNIT  2/ 


Capabi 1 i ty 


MAPPING  UNIT!/ 


Capabi I i ty 


IV 

s 

12 

IV 

s 

01 

IV 

s 

10 

III 

ws 

12 

III 

ew 

01 

IV 

es 

07 

III 

ws 

01 

III 

ws 

01 

IV 

ws 

02 

VI 

ws 

19 

VI 

ws 

19 

II 

ws 

03 

VI 

s 

21 

IV 

s 

10 

IV 

se 

11 

II 

ws 

04 

1 1 

ws 

04 

II 

ws 

03 

II 

ws 

03 

IV 

es 

09 

IV 

es 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

ws 

09 

III 

WS 

03 

VII 

es 

35 

VII 

es 

35 

VI 

es 

27 

VIII 

es 

37 

VI 

es 

25 

VI 

es 

25 

VII 

es 

33 

IV 

es 

16 

VI 

es 

25 

VIII 

ws 

24 

VIII 

wt 

24 

II 

ws 

09 

II 

ws 

09 

III 

ws 

09 

IV 

ws 

09 

VI 

ew 

21 

VI 

aw 

21 

VI 

aw 

21 

VII 

aw 

30 

VI 

as 

25 

VII 

as 

35 

IV 

ws 

01 

PI LCHUCK (con) 
si 
Ifs 

I fs(shat low) 

Is 

gls 

fs 

9S 

s 

PONDILLA 

fs 

PRATHER 


PUYALLUP 

1 

vfsl 

fsl 

fsl 

fsl/Buckley 

si 

sl/Buckley 

lfs 

Is 

sil 

slcl 

QUILCENE 

slcl 

slcl 

slcl 

RAGNAR 

fsl 

fsl 

fsl 

REED 

slcl 

c 

RIFLE 

peat 

peat (shal low) 
Bellingham  complex 
Bellingham  complex 
RIVERWASH 


VI  ws  19 
VI  ws  19 
VI  ws  19 
VI  ws  19 
VI  ws  19 
VI  ws  19 
VII  ws  20 
VII  ws  20 


8-15  IV  ew  14 
15-30  VI  ew  21 
30-45  VII  ew  33 

0-3  II  ws  04 
0-3  II  ws  04 
0-3  II  ws  04 
0-3  M ws  04 
0-3  II  ws  04 
0-3  IV  ws  05 
0-3  II  ws  04 
0-3  IV  ws  05 

0-3  II  ws  03 
0-3  II  ws  03 
0-3  III  ws  01 
0-3  II  ws  03 
0-3  III  ws  12 
0-3  III  ws  01 
0-3  III  ws  03 
0-3  IV  ws  02 
0-3  IV  ws  05 
0-3  II  ws  03 
0-3  II  ws  02 

8-15  IV  ew  14 
15-30  VI  ew  21 
30-45  VII  ew  30 


3-8  IV  s 12  A 

8-15  IV  se  13  A 

15-30  VI  se  13  A 

0-3  IV  ws  10  0 14 

0-3  IV  ws  10  0 14 


B 01  19 

B 16  19 
B 01  17 

B 16 
B 07 
B 01 
B 07 
B 16 
8 01  17 

B 01  19 

B 01  19 


ROUGH  BROKEN  LAND 


A 16  IS 


30-45 

VII  es 

36 

8-15 

VII  as 

36 

30-45 

VII  es 

36 

30-45 

VII  es 

36 

Table  3 


Index  of  mapping  units,  Puget  Sound  Area (con)  J/ 


HAPPING  UNIT  2/ 

Range 

of 

Slope 

in 

Per- 

cent 

O 

Class  | 

O’ 

Subclass  — 

ty 

c 

3 

Hydrologic 

Group 

Dra i nage 
Group 

Woodland 

Group 

> 

V — 

— -O 

— m 

X>  «-> 

— 3 
J 1/7 

MAPPING  UNIT  2/ 

Range 

of 

Slope 
i n 

Per- 

cent 

Capabi 1 i ty 

i/) 

V) 

IQ 

i/I  — 

ja  - 
— 3 c 

Hydrologic 

Group 

Dra i nage 
Group 

Woodland 

Group 

> 

1>  — 

— J3 

— (0 
XI  *-< 

3 

Jt  <s> 

SULTAN (con) 

5 

TR0MP 

3 

Is 

0-3 

IV 

ws 

03 

B 

01 

17 

fsl 

0-3 

1 1 1 

ws 

08 

B 

13 

6 

si  1 

0-3 

1 1 

ws 

03 

B 

01 

19 

si  1 

0-3 

1 1 1 

ws 

08 

B 

13 

6 

si  1 

0-3 

1 1 

ws 

02 

B 

01 

19 

sicl 

0-3 

1 1 1 

ws 

08 

B 

08 

6 

si  1 

3-8 

11 

ws 

02 

6 

01 

19 

TR0MP-TI  sch 

3 

si  1 (shal low) 

0-3 

1 1 

ws 

09 

B 

02 

19 

complex 

0-3 

1 1 1 

ws 

08 

B 

13 

6 

c 1 

0-3 

1 1 

ws 

02 

B 

01 

19 

TR0MP-CUSTER 

3 

SUMAS 

5 

si  1 

0-3 

1 1 1 

ws 

08 

B 

08 

6 

fsl 

0-3 

1 1 

ws 

02 

C 

01 

19 

TR0MP- EDMONDS 

3 

si  1 

0-3 

1 1 

ws 

02 

C 

01 

19 

si  1 

0-3 

1 1 1 

ws 

08 

B 

08 

6 

s i cl 

0-3 

1 1 

ws 

02 

C 

01 

19 

TROMP-WOODLYN 

3 

SWA  NT  OWN 

2 

si  1 

0-3 

1 1 1 

ws 

08 

B 

08 

6 

1 

0-3 

IV 

ws 

43 

C 

1 1 

10 

TUMWATER 

1 

1 

8-15 

IV 

ew 

03 

C 

11 

10 

fsl 

0-3 

IV 

s 

10 

A 

- 

7 

gsi 

0-3 

VI 

ew 

26 

C 

1 1 

10 

Ifs 

0-3 

IV 

s 

10 

A 

- 

7 

9*1 

3-8 

VI 

ew 

26 

c 

1 1 

10 

lfs 

8-15 

IV 

se 

1 1 

A 

- 

7 

gsl 

8-15 

VI 

ew 

26 

c 

II 

10 

1 f 5 

15-30 

VI 

es 

18 

A 

- 

7 

91 

3-8 

IV 

ws 

43 

c 

11 

10 

WADDELL 

2 

TACOMA 

4 

1 

3-8 

1 1 1 

sw 

09 

C 

06 

3 

muck(shal low) 

0-3 

IV 

ws 

06 

B 

12 

18 

gi 

3-8 

1 1 1 

sw 

09 

C 

06 

3 

peat 

0-3 

IV 

ws 

06 

A 

03 

18 

gi 

8-15 

1 1 1 

sw 

09 

C 

06 

3 

TANVAX 

4 

sicl 

0-3 

1 1 1 

ws 

12 

C 

06 

3 

peat 

0-3 

IV 

ws 

06 

A 

12 

18 

WAPAT0 

5 

TEBO 

2 

sil 

0-3 

1 1 1 

ws 

05 

C 

05 

16 

1 

8-15 

IV 

ew 

16 

c 

- 

3 

sicl 

0-3 

1 1 1 

ws 

05 

C 

05 

16 

1 

15-30 

VI 

es 

25 

c 

- 

3 

cl 

0-3 

1 1 1 

ws 

05 

C 

05 

16 

gi 

8-15 

VI 

es 

25 

c 

- 

3 

WAPAT0-GALVIN 

5 

gi 

15-30 

VI 

es 

25 

c 

- 

3 

comp  1 ex 

0-3 

1 1 1 

ws 

05 

C 

05 

16 

gi 

30-45 

VI  1 

es 

33 

C 

- 

3 

WHATCOM 

2 

TENINO 

2 

si  1 

3-8 

1 1 1 

we 

16 

D 

09 

3 

gsi 

8-15 

IV 

ew 

22 

B 

H 

7 

si  1 

8-15 

IV 

ew 

12 

D 

09 

3 

gsl 

15-30 

VI 

es 

21 

B 

- 

7 

si  1 

15-30 

VI 

ew 

28 

D 

09 

3 

THORNTON 

3 

sl  1 

30-45 

VI  1 

ew 

31 

D 

09 

3 

si  cl 

0-3 

IV 

ws 

10 

0 

14 

16 

WHATCOM-McKENNA 

( 

2 

c 

0-3 

IV 

ws 

10 

D 

14 

16 

complex 

3-8 

IV 

ew 

12 

0 

09 

3 

THORNWOOD 

1 

WHIDBEY 

2 

gsl 

0-3 

VI 

s 

18 

A 

- 

7 

gsl 

0-3 

IV 

ws 

43 

A 

1 1 

8 

gsl 

3-8 

VI 

s 

18 

A 

7 

gsi 

3-8 

IV 

sw 

06 

A 

1 1 

8 

gsl 

8-15 

VI 

se 

17 

A 

- 

7 

gsl 

8-15 

IV 

ew 

03 

A 

1 1 

8 

gsl 

15-30 

VI 

es 

19 

A 

- 

7 

gsl 

15-30 

VI 

ew 

26 

A 

1 1 

8 

gi 

0-3 

VI 

s 

18 

A 

- 

4 

WICKERSHAM 

2 

gi 

3-8 

VI 

s 

18 

A 

- 

4 

1 (shaly) 

0-3 

1 1 1 

s 

01 

C 

- 

4 

gi 

8-15 

VI 

es 

19 

A 

- 

4 

1 (shaly) 

3-8 

1 1 1 

s 

01 

C 

- 

4 

gi 

15-30 

VI 

es 

19 

A 

. - 

4 

si  1 (shaly) 

3-8 

1 1 1 

es 

02 

C 

- 

4 

TIDAL  MARSH 

4 

si  1 (shaly) 

0-3 

1 1 1 

s 

01 

C 

- 

4 

0-3 

VI  1 1 

ws 

23 

B 

16 

18 

WILKES0N 

2 

TISCH 

4 

1 

8-15 

IV 

ew 

14 

B 

09 

3 

sil 

0-3 

1 1 1 

ws 

10 

c 

09 

16 

1 

15-30 

VI 

ew 

21 

B 

09 

3 

sicl 

0-3 

1 1 1 

ws 

10 

C 

09 

16 

sil 

8-15 

IV 

ew 

14 

B 

09 

3 

TOKUL 

2 

sil 

15-30 

VI 

ew 

21 

B 

09 

3 

gsl 

8-15 

IV 

es 

00 

o 

A 

- 

10 

WINSTON 

1 

TOWNSENO 

2 

gsl 

0-3 

III 

s 

08 

A 

- 

1 1 

1 

3-8 

IV 

s 

10 

B 

- 

10 

W00DINVILLE 

5 

fsl 

3-8 

IV 

es 

10 

B 

- 

10 

Sl  1 

0-3 

1 1 1 

ws 

05 

B 

06 

16 

si 

0-3 

IV 

s 

10 

B 

- 

10 

W00DLYN 

3 

si 

8-15 

IV 

es 

10 

B 

- 

10 

si  1 

0-3 

1 1 1 

ws 

08 

C 

08 

6 

sl 

15-30 

VI 

es 

17 

B 

- 

10 

gi 

3-8 

IV 

se 

10 

B 

10 

\J  Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps. 

2/  Soil  symbols  used:  c clay  r rocky 

co  coarse  s sandy 

f fine  s I s 1 1 1 

g gravelly  st  stony 

I loam  v very 
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SOIL  SERIES  AND  HYDROLOGIC  GROUPS 


The  soil  series  and  the  hydrologic  groups  are  summarized  by  basin  acreages 
in  Table  4 and  shown  by  watershed  in  Table  5.  These  figures  have  not  been 
adjusted  to  agree  with  USGS  totals. 

These  tables  indicate  the  distribution  of  significant  soils  in  the  Puget  Sound 
Area  and  may  be  used  in  conjunction  with  soil  interpretation  tables  in 
considering  proposed  developments.  An  important  application  may  be  in 
estimating  runoff  characteristics  as  influenced  by  land  cover  and  treatment, 
using  the  charts  and  methods  shown  in  the  Watershed  Management 
Appendix  under  Effects  of  Soils  and  Cover  on  Runoff. 

Soils  are  put  in  hydrologic  groups  on  the  basis  of  water  intake  rates  under 
wet  conditions  and  without  the  protective  effects  of  vegetation.  For 
convenience,  the  definitions  of  hydrologic  groups  are  given  here: 

Group  A— (Lowest  runoff  potential.)  Includes  deep  sands  and  gravels  with 
very  little  silt  and  clay,  also  deep,  rapidly  permeable  till. 

Group  B— Mostly  sandy  soils,  less  deep  than  A;  and  till  less  deep  or  less 
aggregated  than  A,  but  the  group  as  a whole  has  above-average  infiltration 
after  thorough  wetting. 

Group  C— Comprised  of  shallow  soils  and  soils  containing  considerable  clay 
and  collodial  material,  though  less  than  those  of  Group  D.  The  group  has 
below-average  infiltration  after  pre-saturation. 

Group  D— (Hightest  runoff  potential.)  Includes  mostly  clays  of  high-swelling 
characteristics,  but  the  group  also  includes  some  shallow  soils  with  nearly 
impermeable  sub-horizons  near  the  surface. 


Tahir  U . Soil  series  and  hydrologic  groups  by  basin,  Puget  Sound  Area 
(in  acres)  J./ 


Sol  1 Ser i es 

O' 

o 

o a 
t o 

Ac  res 

NOOKSACK-SUHAS  BASINS 

A 1 de  r wood 

B 

S30 

Barneston 

A 

17,377 

Barnhardt 

A 

3.361 

Belfast 

0 

370 

Belli nqham 

.0 

4,619 

Bow 

0 

5.000 

Bow-Be 1 1 i nqham 

0 

853 

C«9«V 

0 

13.760 

Cagey-Norma 

0 

516 

Carbondale(muck) 

0 

3.840 

Cathcart 

c 

2,600 

Clipper 

c 

2,018 

Coastal  Beach 

A 

443 

Cokedale 

C 

326 

Custer 

0 

8,262 

Ecknnnds 

0 

1,270 

Edmonds-T  romp 

0 

853 

Everett 

A 

M0 

Everson 

C 

2,268 

Fresh  Water  Harsh 

A 

>39 

Gi  les 

B 

9,160 

516 

Gi les-Tromp 

B 

Greenwood (peat ) 

A 

24 

Hale 

C 

2,666 

Hal  e-Norma 

C 

634 

He  I s 1 e r 

B 

1,176 

Henan  i 

C 

556 

Hovde 

B 

240 

1 ndianola 

A 

1,852 

Kickervi I le 

B 

12,865 

Blaus 

A 

3 

Kline 

A 

1,734 

LaBounty 

C 

9,155 

LaBounty-McKenna 

C 

9,126 

Lummi 

c 

480 

Lynden 

A 

14,949 

Hade  Land 

- 

248 

HcKenna 

0 

7,839 

He 1 bourne 

c 

II 

Hukl 1 tec 

A 

716 

Neptune 

A 

991 

Nooksack 

C 

5.508 

Norma 

c 

7,417 

Norma- Cagey 

c 

983 

Norma-Hale 

c 

388 

Pi  1 chuck 

A 

4.367 

Puget 

B 

6,013 

Puya 1 1 up 

B 

21,775 

A I f 1 e (Be  1 1 1 ngham  complex) 

A 

35 

Ri fie (peat) 

A 

12,017 

Rl verwesh 

A 

1.839 

Rough  Broken  Land 

C 

1,038 

Rough  Hountainous  Land 

C 

222,619 

Rough  Stony  Land 

c 

950 

Salal 

B 

227 

Sami sh 

0 

316 

Saxon 

B 

741 

Schnorbush 

C 

1.407 

Schrtorbush-Norma 

C 

276 

Semi ahmoo 

0 

270 

Skagi t 

B 

362 

Smith  Creek 

A 

2,015 

Snohomi sh 

B 

832 

Squa 1 1 cum 

B 

15,333 

Squa 1 1 cum- A 1 der wood 

B 

7,507 

Steep  Broken  Land 

B 

II 

Sumes 

C 

5.704 

Tanwex 

A 

39 

Thornwood 

A 

723 

Tidal  Harsh 

B 

400 

Tromp 

B 

4.923 

Tromp-Custer 

B 

Tromp-Ednondt 

B 

249 

T romp-Wood lyn 

B 

35 

TuMter 

A 

25» 

Whatcom 

0 

32.745 

What com-HcK anna 

0 

8.555 

picker sham 

c 

793 

dOOdlyn 

c 

2.522 

deter (Fresh) 

- 

11,477 

•mrluill 

- 

37.624 

Water (Selt)Undlst rib.  by  W.S. 
Total 

“ 

I8A.9JJ 

7S0.5H 

u 

a 

Sol  1 Series 

” - 

Acres 

It 

x u 

SOTIT-aniSH-MilliS 

A 1 de  rwood 

B 

26,834 

Barneston 

A 

1,890 

Bernhardt 

A 

8 

Belfast 

D 

780 

Belli nqham 

t> 

3.780 

Bow 

D 

32,492 

Caqey 

0 

-1,026 

Caqey-Norma 

0 

24 

Ca  rbonda 1 e (muck) 

D 

705 

Ca  t hca  r t 

C 

10.056 

Cl ipper 

C 

30 

Coastal  Beach 

A 

504 

Cokedale 

C 

1,938 

Cokeda 1 e-Puya 1 1 up 

C 

564 

Cork  indale 

B 

927 

Cove  land 

C 

1,315 

Custer 

0 

70 

Edmonds 

0 

80 

Everett 

A 

10,174 

Fidalqo 

C 

5,198 

Gi  les 

B 

2,294 

Gilligan 

B 

2,092 

Greenwater 

A 

3.735 

Greenwood (peat ) 

A 

151 

Hei sler 

B 

1,731 

Hovde 

B 

39 

1 ndianola 

A 

1,650 

Kickervi 1 le 

B 

70 

Ki tsap 

C 

362 

Klaus 

A 

7.2S9 

Kline 

A 

2,407 

LaBounty 

C 

57 

LaBount  y-HcKenna 

c 

18 

Lummi 

c 

2,465 

Lynden 

A 

6,041 

Hade  Land 

- 

717 

Harblemount 

c 

60 

HcKenna 

D 

93 

Huk 1 1 teo 

A 

479 

Neptune 

A 

10 

Nookachamps 

0 

1.476 

Nooksack 

C 

70 

Norma 

C 

1,407 

Oso 

B 

2,116 

Pi Ichuck 

A 

7.513 

Puget 

B 

27,993 

Puyal lup 

B 

45,424 

Puyal lup- Puget 

B 

225 

Hifle(put) 

A 

1,683 

Rl verwash 

A 

3,373 

Rough  Broken  Land 

C 

22,890 

Rough  Hountainous  Land 

C 

206,929 

Rough  Stony  Land 

C 

27 

Sami sh 

0 

2,547 

Sauk 

B 

538 

Saxon 

B 

432 

Saxon 

C 

93 

Semi ahmoo 

0 

1.145 

Skagi t 

B 

164 

Sklyc  • 

B 

7,161 

Skykomi sh 

A 

4,141, 

Snohomi sh 

B 

1,116 

Squa  li  cun 

B 

8,768 

Squa  1 i cun- A 1 da  rwood 

B 

2,217 

Sul  tan 

8 

2.723 

Sumas 

C 

16.438 

Tanwax 

A 

224 

Thornton 

0 

1,374 

Thornwood 

0 

14,500 

Tidal  Marsh 

B 

3,770 

Tlsch 

C 

242 

Wlckersham 

C 

3,928 

Woodlnvl 1 la 

B 

361 

Unclassl f ied 

- 

2 

Water (Fresh) 

- 

14,457 

Water (Sal t) 

- 

43.144 

Water (Sal t)Undl strlb.  by  W.S. 

• 

63.939 

Total 

666.678 

iTIMUMtSH  IMUI 

Alda  rwood 

B 

28.113 

Belfast 

0 

70 

Ball  Ingham 

0 

965 

Bow 

0 

35 

am 

r# 

Acres 

Carbondele(muck) 

0 

2,142 

Cathcart 

c 

3.260 

Custer 

0 

115 

Edmonds 

0 

909 

Everett 

A 

14.526 

Greenwood (peat) 

A 

341 

1 ndianola 

A 

6.339 

Kitsap 

C 

4,506 

Klaus 

A 

'1,1.35 

Kl  Ine 

A 

60 

Lynden 

A 

9,950 

Made  Land 

- 

10 

Muki 1 teo 

A 

1,759 

Norma 

c 

2,384 

Oso 

B 

10,280 

Pi Ichuck 

A 

315 

Puget 

B 

16. 105 

Puya 1 1 up 

B 

5.236 

Ri f lc (peat) 

A 

1,380 

ki verwash 

A 

1 .548 

Rough  Broken  Land 

C 

25.878 

Rouqh  Hountainous  Land 

C 

94.275 

Rouqb  Stony  Land 

C 

5,219 

Saxon 

B 

735 

Saxon 

C 

220 

Skykomi sh 

A 

17.620 

Snohomi sh 

B 

661 

Squa I i cun 

B 

525 

Sultan 

B 

619 

Tanwax 

A 

10 

Tidal  Marsh 

B 

760 

Water (Fresh) 

- 

4.435 

Water(Salt) 

- 

2,183 

Water (Sa 1 1 )Undi st r i b.  by  W.S. 

• 

3.1 6J 

Total 

268,106 

MHIflEY-flRHANQ 

Aide rwood 

B 

IZ.343 

Belli nqham 

D 

1.350 

Bow 

0 

2,800 

Bozarth 

C 

282 

Ca  r bon da  1 e (muck ) 

0 

192 

Casey 

c 

4,109 

Coastal  Beach 

A 

2,042 

Coupev i 1 1 c 

B 

1.063 

Cove  land 

C 

2,084 

Ebeys 

B 

651 

Everett 

A 

2,459 

Fresh  Water  Marsh 

A 

73 

Greenwood (peat) 

A 

99 

Hovde 

B 

502 

Hoy pus 

A 

18,290 

1 ndianola 

A 

3,960 

Keystone 

A 

15.506 

Lummi 

C 

1.640 

Hade  Land 

- 

675 

Huk i Iteo 

A 

925 

Norma 

C 

2,608 

163 

Pondi 1 la 

A 

Puqet 

B 

190 

Ri f le(peet) 

A 

770 

Rouqh  Broken  Lend 

C 

2.880 

Rouqh  Stony  Land 

C 

271 

San  Juan 

A 

984 

Semiahnoo 

0 

636 

Snake  I um 

A 

505 

Swantown 

C 

4,191 

Tacoma (peat) 

A 

327 

Tanwax 

A 

493 

Tidal  Harsh 

B 

1.487 

Townsend 

B 

1,806 

Whidbey 

A 

44.599 

Water (Fresh) 

- 

719 

Water (Sal t )Undl st r 1 b.by  W.S. 

> 

198.297 

Total 

331.951 

A Ida  rwood 

B 

146,908 

Alluvial  soils 

A 

911 

Barneston 

A 

9,402 

Bellingham 

2,328 

Ca rbonda le (muck) 

0 

2.489 

Cathcart 

C 

1,747 

Coastal  Beach 

A 

289 

Custer 

0 

4,932 

d- 


t 
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Table  4.  SoH  series  end  hydrologic  groups  by  basin,  Puget  Sound  Are*  (con) 
(In  acres)  J,/ 


Edgewick 
EMndi 
Everett 
Greenweter 
Greenwood (peat) 

Indianole 
I ssaquah 
Ki tsap 
Klaus 
Lyndon 
Med*  Land 
Marsh 
Mull  i I too 
Nook sack 
Norma 
Oso 

PI  I chuck 

Puget 

Puyal I up 

Puyal 1 up-Buck ley 

Ragnar 

Ki  H*(Bel  I Ingham  complex) 
Klflo(poat) 

KI w* r wash 
Rough  Broken  Land 
Rough  Mountainous  Land 
Rough  Stony  Land 
Salal 

Sammemi sh 
Skykomi sh 
Snohomi sh 
Snoquelmie 
Stossel I 

Sultan 
Tidal  Marsh 
Tokul 

Wood I nv 1 1 la 

Water(Frash) 

Water (Salt) 

Water (Salt)Undlstrlb. by  w.». 
Total 


Alluvial  soils 
tar nest on 
•el  1 1 ngham 
tuck  I ay 

Carbondale(muck) 

Cathcart 

Coastal  teach 
Idgawi-k 
Edaonds 
Cveratt 

Gra«'^ood(paat) 
Indianole 
I ssaquah 

Kitsap 

Klaus 


Made  Land 
Marsh 
Auk 1 1 too 
Nonna 
PI  I chuck 
fe«0t 
Puyallup 
Rif la(paat) 

Rlvarwesh 
Mouth  troken  Land 
Mouth  Mountainous  Land 
Salal 

Snohomish 

Snopualml* 

Sultan 

WMdlnvItla 

Unclassified 


water (Fresh) 

Water (Salt) 


SitSlsr.ii. 


ns.m 


Snohomish 
Snoqua Iml a 
Spa  na  way 

Stossal I 
Sultan 
Tacoma (muck) 


10,540 

Jb7,7i* 


Barnes  ton 
Belli ngham 
Buckley 

Carbonda 1 e (muck) 
Cathcart 
Coastal  Beach 
Enumclew 
Everett 

Greenwood (peat) 

Indianole 

Ki tsap 

Klaus 

Lyndon 

Made  Land 

Marsh 

Muki I too 

Norma 

PI  I chuck 

Puget 

Puyallup 

Puyal lup»luckley 
Rlfla(paat) 

Rlverwesh 

Rough  Broken  Land 

Rough  Mountainous  Land 

Sammemi sh 

Snohomish 

Snoqualmla 

Sultan 

Woodlnvl 1 1* 

Unci  as  si  Had 
Water(Fresh) 

Water (salt) 

Total 


A I derwood 
Alluvial  soils 
•ernes ton 
BernestorvWI  Ik* son 
Bellingham 
Bow 

Buckley 

Buck I ey>Enumc I aw 
Cerbondale(muck) 
Cathcart 
Chahalls 

Coastal  Beach 

Oupont 

Edgawlck 

Edmonds 

Enumclaw 

Everett 

Fitch 

Craanwatar 
Greenwood (peat) 

Indianole 

Kepowsin 

Kitsap 

Klaus 

Koplah 

Lyndon 

Mad*  Land 

Marsh 


10,077 


11.445 

45 

7,090 

-JTT®- 


Table  4.  Sol)  series  and  hydrologic  groups  by  basin,  Puget  Sound  Area  (con) 
(In  acres)  J/ 


1 
O Q 

Soil  Series 

Acres 

■o  O 

X o 

DtSCHUTES  BASIN 

Aide  rvood 

B 

11.836 

Belli  nghem 

D 

1,628 

Camas 

A 

347 

Cathcart 

C 

1,102 

Chehal i s 

A 

1,680 

Delphi 

B 

380 

Ednonds 

D 

46 

Cld 

A 

193 

Everett 

A 

32 ,426 

Everson 

C 

1,129 

Fi  tch 

A 

4,210 

Ci  les 

B 

•3.09S 

Greenwood (peat ) 

A 

83 

Grove 

A 

40 

Indianola 

A 

3,193 

Kapows i n 

B 

820 

Ki tsap 

C 

13.411 

Lynden 

A 

1,750 

Made  Land 

- 

350 

May  town 

B 

261 

McKenna 

D 

653 

Melbourne 

C 

1.608 

Muk  i 1 1 eo 

A 

2.728 

Mewberq 

A 

625 

Nl  squa 1 ly 

A 

9.781 

Norma 

C 

564 

Olympic 

C 

8.099 

Prather 

B 

15 

Puget 

B 

385 

Puye  1 1 up 

B 

1.087 

Aeed 

D 

369 

RI f le(peat) 

A 

856 

Ri verwash 

A 

122 

Rough  Mountainous  Land 

B 

27.341 

Rough  Mountainous  Land 

C 

335 

Samlahmoo 

D 

950 

Shuwah 

A 

72 

Snohomish 

B 

3 

Spanawey 

A 

12.395 

Sul  tan 

B 

785 

Tacoma (muck) 

B 

346 

Ten i no 

6 

1.694 

Tidal  Marsh 

B 

460 

Tlsch 

C 

394 

T romp 

B 

381 

Tromp-TI sch 

B 

30 

A 

6,384 

66 

Waddell 

C 

Wapeto 

C 

1,070 

Water(Fresh) 

- 

2.582 

Water (Sal t) 

- 

I6.3V8 

Total 

186,508 

WHT  iQUtlO  MSIMS 

Active  Dune 

156 

Agnew 

4.057 

Ahl 

944 

Ahl  complex 

2,373 

A 1 derwood 

264,726 

Aide  rvood  complex 

191 

Alluvial  soils 

8,265 

Belfast 

331 

Belfast 

1,153 

Bellingham 

5,238 

Bow 

1,304 

Boiarth 

167 

Carbondale(muck) 

22 

Carlsborg 

81 

Carstalrs 

3.060 

Casey 

15 

Casey 

456 

Cathcart 

1,678 

Che he  1 1 s 

157 

Chime cum 

7,061 

Clallam 

30.219 

Cloqual  liaa 

13,792 

Soil  Series 

u 

O' 

0 

0 a 
■0  £ 
£ 0 

Acres 

Coastal  Beach 

A 

3.15-7 

Col vos 

6 

4.927 

Col  VOS  complex 

B 

3.898 

Deybob 

B 

6,918 

Delphi 

B 

4,822 

Dick 

A 

825 

DlcV  complex 

4 

451 

Discovery  Bay 

C 

2,511 

Discovery  Bay  complex 

A 

3.435 

Discovery  Bay  complex 

C 

2.085 

Dungeness 

B 

3.291 

Dupont 

0 

29 

Ebeys 

B 

167 

Ednonds 

D 

5.771 

Eld 

A 

571 

Elwhe 

C 

258 

Everett 

A 

143.217 

Everson 

C 

90 

Fitch 

A 

82 

Galvin 

C 

65 

Gi  les 

B 

1.703 

Gravel  Pit 

A 

78 

Greenwood (peat ) 

A 

901 

Grove 

A 

36.095 

Harstine 

B 

7.583 

Moodsport 

A 

34,081 

Hoods port 

6 

9,377 

Hovde 

B 

127 

Hoy pus 

A 

1,013 

Indianola 

A 

39.862 

Jolley 

B 

6,156 

Juno 

A 

1,162 

Kapows i n 

B 

2.703 

Keystone 

A 

1.205 

KI tsap 

C 

19,113 

Koch 

0 

166 

Lummi 

c 

378 

Lynden 

A 

348 

Lystai r 

A 

1.929 

Made  Land 

- 

646 

May  town 

B 

2.243 

McKenna 

D 

1,120 

Me Mur  ray (peat) 

A 

2,918 

He Mur ray (muck) 

D 

1.316 

Melbourne 

C 

1 ,661 

Mukl Iteo 

A 

6.003 

Newberg 

A 

21 

Nisqual  ly 

A 

26 

Nordby 

B 

700 

Norma 

C 

3.282 

Nuby 

C 

454 

Olete 

c 

4,216 

Olete  complex 

c 

6.410 

Olympi c 

c 

223 

Orcas(peat) 

A 

562 

PI  1 chuck 

A 

952 

Puget 

B 

581 

Puya 1 1 up 

B 

18 

Qul Icene 

C 

3.282 

Ragnar 

A 

3 

Reed 

0 

624 

RI f le(peat) 

A 

1.983 

RI verwash 

A 

767 

Rough  Broken  Land 

B 

6,048 

Rough  Broken  Land 

C 

9,240 

Rough  Mountainous  Land 

A 

7.746 

Rough  Mountainous  Land 

B 

19.816 

Rough  Mountainous  Land 

c 

38.863 

San  Juan 

A 

921 

Saxon 

C 

308 

Samlahmoo 

A 

85k 

Samlahmoo 

0 

2,221 

Sequlm 

A 

1,046 

Shel ton 

B 

30.732 

Si  nclal r 

B 

39.641 

Skokomlsh 

B 

924 

Snohoml sh 

B 

220 

- 

Soil  Series 

? 

Acres 

T> 

f i 

Speld'l  nq(peat) 

A 

49 

Spaldl ng(peat) 

D 

1,114 

Spanawey 

A 

75 

Steep  Broken  Land 

B 

5,717 

Sul  tan 

B 

29 

Swan  town 

C 

1,593 

Tacoma(muck) 

B 

55 

Tacoma (peat ) 

A 

509 

Tanwax 

A 

465 

Tebo 

C 

1,218 

Tidal  Marsh 

B 

2.674 

Tlsch 

C 

197 

Townsend 

B 

452 

Waddel 1 

C 

1,187 

wapato 

c 

840 

Whl dbey 

A 

4.734 

Unclass  I f ied 

- 

3 

Water (Fresh) 

- 

10,265 

Water (Sal t) 

- 

136.902 

Water(Sal t)Undi str i b.by  W.S. 

- 

263.897 

Total 

1,326. 5M 

ELMHk-PlMCEHESS  8*5 1 MS 

Agnew 

4.467 

Agnew-E Iwha  complex 

761 

Belli nqhem 

2.834 

Carlsborg 

2.585 

Chehal  is 

113 

Clal lam 

24,415 

Coastal  Baech 

1,765 

Crescent 

947 

Dick 

2.903 

Dungeness 

6,297 

E Iwha 

18,640 

Everett 

4,342 

Greenwood (peat ) 

13 

PI Ichuck 

1.685 

Puget 

1,204 

Ri f le(peat) 

405 

Ri verwash 

779 

Rough  Broken  Land 

7.067 

Rough  Mountainous  Land 

24,752 

Semiahmoo 

405 

Sequlm 

1.438 

Spalding (peat) 

307 

Tidal  Marsh 

no 

Townsend 

83 

Water (Fresh) 

- 

965 

Weter(Salt) 

- 

198.467 

Total 

307. 7t9 

SAN  JUAN  ISLANDS 

Active  Dune 

116 

A 1 derwood 

3.338 

Belli ngham 

1.971 

Bow 

D 

13.274 

Coastal  Beach 

1,013 

Coveland 

7.344 

Everett 

4,207 

Hovde 

79 

Indianola 

1,002 

Indlanola-Roche 

1,264 

Neptune 

35 

Norma 

675 

Orcas (peat) 

55 

Pickett  complex 

21.395 

Roche 

18.555 

Roche-Rock 

26.362 

Rock  Land 

6.782 

San  Juan 

1.554 

San  Juan 

913 

Semiahmoo 

304 

Semiahmoo 

1,284 

Tanwax 

85 

Tidal  Marsh 

166 

Slater  (Fresh) 

- 

955 

Water (Sal t) 

- 

jM.iy 

Total 

400.680 

\J  Unadjusted  meesur«xentt,  1964,  for  fefet  Sound  Area  Study, 
based  on  National  Cooperative  Soil  Survey  maps. 
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erics  and  hydrologic  group*  by  watershed,  Puget  Sound  Are#, 
(in  acres)  J./ 


s 

o a Acres 

II 


•erneston 

Bemherdt 

Cegey 

Cagey-No  naa 

Car bo "dale (muck) 

Clipper 

Fresh  Water  Marsh 

Giles 

He  I tier 

Rl  I ne 

Mukl Iteo 

Nor  me 

PI  I chuck 

Puget 

Puyel I up 

Rifle(peet) 

HI verwash 

Rough  Mountainous  Land 
Rough  Stony  Land 
Semiahmoo 
Smith  Creak 
Squall  cum 

Sgual I cum- A I derwood 
Wicker thaw 
Water (Fresh) 

Total 


•ernes ton 
Cegey 

Clipper 

Carbonda I e (muck) 

Fresh  Water  Marsh 
Greenwood (peat) 

Kline 
Lynden 
Nukl Iteo 
No  nee 
PI  I chuck 
Puyallup 
Rl f le(peat) 

Rlverwesh 

Rough  Mount# I nous  Land 

Schnorbush 

Semiahmoo 

Smith  Creek 

S gue  1 1 c um-A  I da  mood 

Sunes 

Water (Fresh) 

Total 


•ernes ton 
Bellingham 


Certondale(mwck) 

Clipper 

Cokodele 

Fresh  Water  Marsh 

Giles 

Noisier 

Kline 

LaMounty ■McKenna 


Pwyeltup 
Rl  fle(peet) 


Rough  Mountainous  Land 
Rough  Stony  Lend 


I 


Schnorbush-Norme 

Semiahmoo 

Skagit 

Sml  th  Creek 

Squal I cum-AI derMOud 

Sumes 

Thornwood 

Whatcom 

Wlckersham 

Water (Fresh) 

Total 


Cagey 

Carbondale(muck) 

Custer 

Giles 

Klckervl I la 

Kline 

LaBounty 

LaBoun t y -McKenna 

Lynden 

McKenna 

Mukl Iteo 

Nookseck 

Norma 

PI  I chuck 

Puget 

Puyel I up 

Rl f le(peet) 

Rlverwesh 

Rough  Mountainous  Land 
Saxon 

Smith  Creek 
Snohomish 
Sgual  icua 
Sumes 
Whatcom 

Whotcom-McKonns 
Water (Fresh) 

Total 


Cagey 

Carbonda I e (muck) 

Clipper 

Giles 

Hale* Norma 

Indlanola 

LaBounty 

LaBoun ty-McKenna 

McKenna 

Mukl Iteo 

Norms 

Puyallup 

Rl f le(peat) 

Rlverwesh 

Rough  Mountainous  Lend 
Salal 

Saxon 

Smith  Creek 
Sgual  Icua 


c*t*y 

Certondate(muck) 

Custer 


Puget 

Puyallup 

Rl f le(peat) 

Rlverwesh 

Salal 

Semiahmoo 

Snohomish 

Sums* 

Tromp 

Tromp-Custer 

Tromp-E<Saonds 

Whatcom 

What com- McKenna 
Woodlyn 
Water (Fresh) 
Total 


Bow-Bcl I Ingham 
Cagey 

Cagey-Norm* 

Carbonda  I*  (muck) 

Cathcert 

Custer 

fronds 

Everson 

Fresh  water  Marsh 

Giles 

Hale-No  me 

Indlanola 
Klckervl I le 
LaBounty 

LaBount y-McKenne 

Lynden 

McKenna 

Melbourne 

Nookseck 

Nonas 

PI  I chuck 

Puget 

Puyel I up 

Rifle(peet) 

Rlverwesh 

Saaon 

Smith  Creek 
Snohomish 

Sgual  lc*m*-Alderwood 


Whatcom 

Whetcom-McKenne 
Woodlyn 
Water (Fresh) 
Total 


Oarhondale(muck) 

Clipper 

Coastal  Beach 

Custer 


Table  $. 


Soil  series  and  Hydrologic  groups  by  watershed,  Puget  Sound  Area  (con.) 
(In  acres)  J/ 


u 

S' 

f 

Soil  Series 

0 

Acres 

Soil  Series 

o 

Acres 

ii 

It 

NOOKSAW-SUNAS  MSI  NS  (Con.) 

Mooksack 

C 

1 ,894 

53 

Norma 

c 

fresh  Water  Harsh 

A 

II 

Pi Ichuck 

A 

44 

Giles 

B 

86 

Puget 

6 

! .495 

Cl  les-Tromp 

B 

22 

Puyel  lup 

B 

6.756 

Hale 

C 

728 

Rifle 

A 

1.639 

Hovde 

B 

114 

Rough  Mountainous  Land 

C 

7.183 

Indianola 

A 

262 

Sami sh 

0 

45 

Kickervi 1 le 

6 

249 

Saxon 

B 

20 

LaBounty 

C 

860 

Semiahmoo 

0 

16 

LaBounty-HcKenna 

C 

172 

Skagit 

B 

262 

Lummi 

c 

149 

Sml th  Creek 

A 

322 

Lynden 

A 

1.974 

S no  horn  i sh 

6 

40 

HcKenna 

0 

659 

Sguel i cum 

B 

2,104 

Huki 1 teo 

A 

45 

Sguel  icvmt- Alderwood 

t 

27! 

Neptune 

A 

81 

Sums 

C 

1.317 

Nook sack 

C 

320 

Whet com 

0 

1.413 

Norma 

C 

814 

t com -HcKenna 

0 

229 

Puget 

B 

1.185 

Wickershgm 

c 

189 

Puye 1 1 up 

B 

i .603 

Water (Fresh) 

- 

» M 

Ri fie (Bel  1 1 nqhem  complex) 

A 

35 

Total 

HI  fie (peat ) 

A 

758 

Sums 

C 

3.065 

meinc  DMIMCES 

Tidal  Harsh 

B 

322 

MIm)U  Crwfc 

Tromp 

B 

575 

Whatcom 

0 

2.907 

Water (fresh) 

- 

1.024 

Bernhardt 

A 

1.732 

Water (Sal t) 

• 

1.619 

Belli ngham 

0 

851 

Total 

22,478 

Bom 

0 

337 

Bow-Be 1 1 1 ngham 

0 

26 2 

uati 

Cagey 

0 

860 

Car bo nda I e (muck) 

0 

127 

Upper  South  Tribs.  11-1* 

D 

3.259 

47 

Edmonds 

D 

•erneston 

A 

83 

Everson 

C 

107 

Cagey 

0 

61 

Giles 

I 

1,708 

Carbondale 

0 

6 

Cl  las-T romp 

B 

66 

Clipper 

c 

24 

Memml 

C 

250 

Hal  star 

• 

8 

Indianola 

A 

48 

Norma 

c 

8 

Kickervi 1 la 

B 

254 

Bough  mountainous  Land 

c 

k.Mt 

LaBounty 

C 

499 

Sgua 1 i c um-A 1 de rwood 

B 

LaBounty-HcKenna 

c 

467 

Total 

Lynden 

A 

1.312 

HcKenna 

0 

219 

Saar  Creek  11-2^ 

Huki 1 teo 

A 

8 

Norma 

C 

351 

•erneston 

A 

388 

Puye 1 1 up 

B 

175 

Bellingham 

0 

59 

Nlfl.(pMt) 

A 

108 

Cagey 

0 

26 

Saxon 

B 

356 

Carbondale 

0 

171 

Semiahmoo 

0 

26 

Cl  IM— ' 

130 

Sguel  1 cum-A  Ide  rwood 

B 

693 

Indianola 

A 

6 

Tromp 

B 

1.456 

LaBounty 

80 

Tromp-Custtr 

B 

421 

LaBounty-HcKenna 

C 

72 

Whatcom 

0 

3.267 

HcKenna 

0 

32 

Whatcom-McKenne 

0 

1.048 

Nonna 

c 

68 

Water (fresh) 

• 

52 

•If  la 

Puget 

A 

B 

58 

217 

Water (Sal t) 
Total 

' 

Puyal lup 

8 

2,200 

Bough  Mountainous  Land 

C 

3.993 

CoA.t.l  CrMfc,  0-2  — 

Samish 

0 

260 

Sguel 1 cum 

• 

875 

•erneston 

A 

25 

Sgua  1 1 cum-A  1 de  rwood 

B 

421 

Bernhardt 

A 

1.208 

Sums 

Total 

C 

Bellingham 

Bow 

0 

0 

221 

284 

Stases  River  \ 1-3 ^ 

Cagey 

0 

3.789 

Cagey -Norma 

0 

106 

Cerbondele(muck) 

0 

4 

Barnes  ton 

A 

1.937 

Coastal  Beach 

A 

401 

Bellingham 

0 

10 

fresh  water  Harsh 

A 

) 

Bow 

0 

377 

Hal# 

C 

U.5 

C»9«Y 

0 

287 

Hale- Norma 

C 

65 

Cagey-No  rme 

B 

21 

Hovde 

B 

106 

Carbondale 

B 

7*3 

IndlaMla 

A 

25 

CH»*.r 

C 

441 

Klckervl lie 

B 

2. 287 

Giles 

• 

266 

LeBour  ty 

C 

961 

Indianola 

A 

206 

LeBount  y -HcKenna 

C 

364 

Klckervl 1 le 

• 

2.191 

LuM*l 

C 

l$l 

Kline 

A 

616 

Lynder 

A 

5 

LaBounty 

c 

,2 

HcKenna 

0 

905 

LeBoon t y -HcKenna 

c 

Huki! tee 

A 

259 

HcKenna 

0 

249 

Neptune 

A 

577 

Huki lies 

A 

IB 

HorM 

C 

1.5*4 

Soil  Series 


CO»ml  Cr«t>»  (ton.) 

Ho  r me- Cagey 
Morma-Ha I e 
Ri fie (peat) 

Saxon 
Semiahmoo 
Smith  Creek 
Sums 

Tidal  Harsh 
Whatcom 
Water (fresh) 
Water(Salt) 

Total 


Hrr.n  Cr««> 

•el  I i ngham 

Bow 

Cagey 

Cagey-Hgrma 

Clipper 

Hale 

Hala-Horma 
Klckervl I la 
LaBourty 
Lynden 
HcKenna 
Huki I teo 
Hept  une 
Home 

Norma-Cagey 

Saxon 

Semiahmoo 

Sumes 

Whatcom 

Water(Fresh) 

Water (Salt) 

Total 

C*l I fornlt  Crt.k 


Belfast 
Bel  I Ingham 
Bow 

Bow-Bel I i ogham 
Cagey 

Ca  r bo  nda  I e (mu  c k ) 

Custer 

Edmonds 

Everson 

Clles 

Cl les-Tromp 

Hale 

Indianola 

LaBounty 

LaBounty-HcKenna 

Lynden 

McKenna 

Nook sack 

Norma 

HI  fle(paet) 

Saxon 

Sanlahmoo 

Sums 

Tramp 

Whatcom 

Whetcom-HcKenna 
Water (fresh) 
Water (Sal t ) 

Total 


illy«r  Cr... 

1 1 i ngham 
M 

Carbondale(muck) 


Everson 

fresh  water  Harsh 

dies 

Hale 

Ml 


837 

388 

258 

73 

46 

55 

42 

15 


11.950 

28TS55 


576 

147 

1.643 

51 

55 

1.005 

49 

516 

1.00! 

6 

900 

214 

96 

1.687 

146 

128 

27 

36 

1.220 

438 


370 

872 

1.748 

345 

103 

125 

2.144 

92 

10 

271 

101 

378 

29 

32 

862 

151 

1.991 

309 

7 

229 

751 

3 

IS 

37 

398 

2,794 

25 

69 

TXlS 


413 

84 

73 

60 

71 

160 

4 

973 

17 

66 


23 


Table  S. 


Soil  terln  an  d hydrologic  groups  by  wittnhed,  Puqet  Sound  Area  (con.) 
(in  acre*)  y 


Soil  Series 

o 

0 

o a 

•n  o 

ti 

Acre* 

^urit  wiiem.inaJ 

sn..r  Cr..4  [Con.)  fcj/' 

Hovde 

9 

Kickervi 1 le 

48 

LeBounty 

835 

LaBounty-McKenna 

711 

Lumm  • 

C 

153 

Lynden 

A 

380 

McKenna 

471 

Neptune 

A 

68 

Norma 

C 

139 

Puget 

B 

94 

Puyal lup 

B 

493 

R 1 f 1 e ( pea  t ) 

A 

141 

Saxon 

B 

14 

Semiehmoo 

0 

20 

Si **es 

C 

2 36 

Tidal  March 

B 

37 

T romp 

110 

T romp-Cus  ter 

6 

Whatcom 

3.063 

Whetcom-Mc Henna 

1.905 

Wnodlyn 

12 

Weter(Tresh) 

- 

139 

water(Salt) 

- 

160 

Total 

11.5*5 

SaiMlIiuw  Ct..»  izi1' 

Bernhardt 

A 

30 

Belli nqham 

0 

828 

Bo*. 

0 

367 

Bow-fle 1 1 i nqham 

0 

126 

Cagey 

D 

34 

Cagey-No  rme 

0 

50 

Clipper 

c 

155 

K 1 ckervi 1 le 

B 

no 

Lafounty 

C 

1.022 

LeBounty-McKenne 

C 

1.496 

Made  Land 

- 

47 

McKenna 

0 

932 

Norma 

c 

8 

Ai  Me(peat) 

A 

129 

Bough  Mountainous  Land 

c 

1.069 

Bough  Stony  Land 

c 

22 

Saxon 

B 

65 

Smi th  Creek 

A 

840 

Squal Icim 

B 

807 

T ro*»p 

B 

8 

Whatcom 

0 

6.932 

tp*a  t cam-McKenne 

0 

2.159 

Water (Tresh) 

- 

48 

Water (Salt) 

- 

K 

Total 

17,370 

L...  M6.1CO*  ill1' 

B#  r net  ton 

A 

i.ns 

Belli nghem 

0 

162 

Bo*. 

0 

292 

Cagey 

0 

574 

Cagey -Norma 

0 

69 

Cerbondale(muck) 

0 

98 

Cathcart 

c 

902 

Clipper 

c 

164 

Trash  Water  Marsh 

A 

12 

Mel  tier 

B 

67 

B 1 Cher v • 1 le 

B 

10 

Kline 

A 

143 

LeBownty 

C 

691 

LaBounty-McKenna 

c 

1,262 

Made  Land 

- 

87 

McKenna 

0 

551 

Mukllteo 

A 

2 

Norma 

C 

185 

Paget 

• 

) 

Pwyel lup 

• 

22 

A 

117 

Aoogh  Mount • i nouc  Land 

c 

21,172 

Powgfc  Stony  Land 

c 

39 

Saaon 

• 

II 

Schnorbuth 

c 

13 

Skagit 

• 

68 

Sguetlctf* 

• 

7.881 

Sol  1 Serle* 

0 

~o  a 
^ 0 

X o 

Ac  res 

Soil  Series 

Squal i cum-Alderwood 

B 

787 

Carbonda le(muck) 

Whatcom 

0 

211 

Cathcart 

Wha  t com-McKenna 

0 

42 

Coked*  le 

Wickerihem 

C 

180 

Corki  ndale 

Water (Fresh) 

- 

5.198 

Everett 

Water (Sa  1 1 ) 

- 

488 

Giles 

Total 

42.521 

Citliq«n 

Klaus 

Chuckanut  Mountain  0-8 

Kline 

Lynden 

A 1 derwood 

B 

530 

Pi  1 chuck 

A 

308 

Puqet 

Barnhardt 

A 

1 14 

Puya 1 1 up 

Belli nqham 

0 

8 

R 1 verwesh 

Bo*. 

0 

705 

Bouqh  Broken  Land 

Caqry 

D 

26 

Bouqh  Mountainous  Land 

C*  r bond* 1 e (muck ) 

0 

73 

Sauk 

Cathcart 

C 

1.675 

Skykomi sh 

Clipper 

f 

53 

Squal i cum 

Everett 

A 

no 

Sultan 

Kickervi lie 

B 

19 

Sumes 

Klau* 

A 

3 

Wickershem 

Kline 

A 

46 

Woodi nvl 1 le 

LaBounty 

C 

383 

Water (Tresh) 

LaBounty-McKenna 

C 

87 

Total 

Lummi 

C 

27 

Lynden 

A 

14 

fker  dlv.r 

Made  Land 

- 

114 

McKenna 

0 

421 

A 1 derwood 

Mukllteo 

A 

39 

Corki ndale 

Norma 

C 

44 

Everett 

Puget 

B 

148 

Klaus 

Puya  1 1 up 

B 

8 

Kl  I ne 

Ri fie (peat) 

A 

32 

Made  Land 

Bough  Broken  Land 

C 

668 

Huki 1 teo 

Bough  Mountainous  Land 

c 

10,730 

Norma 

Bough  Stony  Land 

C 

216 

Oso 

Sami *h 

0 

II 

Rf f le(peat) 

Squal i cum 

B 

2.403 

Bough  Broken  Land 

Squal i cum-Alderwood 

8 

2,779 

Bough  Mountainous  Land 

Steep  Broken  Land 

B 

II 

Semiahmoo 

Siena* 

C 

17 

S no  horn  1 sh 

Tenwex 

A 

39 

Squal i cum 

Tidal  Marsh 

B 

26 

Tenwax 

Whatcom 

D 

331 

Water (Tresh) 

Wha t com-McKenna 

D 

134 

Totel 

Watar (Trash) 

- 

177 

water (Sal t) 

- 

5.401 

dCe  River  ’ 

Total 

27.930 

1 ndlanola 

Lummi  Island  0-9 ^ 

Kl  1 ne 

Marblemount 

Barnhardt 

A 

269 

PI1 chuck 

Belli nqham 

0 

8 

Puya 1 1 up 

Bo*. 

0 

65 

Ri  venwash 

Cagdy 

0 

3.008 

Bough  Broken  Land 

Cagey-Norm* 

0 

3 

Bough  Mountainous  Land 

Coastal  Beach 

A 

40 

Sauk 

Trash  water  Marsh 

A 

80 

Skykom, sh 

Male 

C 

93 

Water (Tresh) 

Hovde 

B 

II 

Total 

1 ndlenola 

A 

28 

Kickervi lie 

B 

2.825 

Sul.tll.  61 ...  < 

LaBounty 

C 

273 

LeBoun t y-Mc Kenna 

c 

718 

Cathcart 

McKenna 

D 

657 

Corki ndale 

Mukllteo 

A 

14 

Gi  les 

Neptune 

A 

169 

Greenwater 

Norma 

C 

255 

Klaus 

Bouqh  Mountainous  Land 

C 

2.997 

Kline 

Rough  Stony  Land 

C 

157 

Pilch  wk 

Saxon 

B 

8 

Puyallup 

Samlehmoo 

0 

29 

RI verwesh 

Whatcom 

D 

37 

Bough  Broken  Land 

Water (Sal t) 

- 

IS. 517 

Bough  Mountainous  Land 

Total 

27,261 

Semlth 

Skykomi sh 

>H»CIT-W1liH  MS  IMS 

Tanwex 

Wickershem 

SKA61T 

WPtar (Trash) 

If 

Total 

Wooer  Skagit  9-1 

Bal 1 Ingham 

0 

40 

Bow 

0 

140 

8 


iii- 


2/ 


i=i* J 


8 
363 
435 
752 
68 
178 
45 
2.387 
1 .087 
186 
980 
142 
3.431 
448 
1,142 
15.585 
508 
320 
65 
50 

13 

275 

85 

■'422 

29.840 


1,137 

40 

123 

1.349 

54 

7 

83 

103 

1.485 

26 

5,613 

12.123 

18 

12 

405 

49 

_Lc£22 

24,500 


65 

165 

60 

210 

186 

115 

10 

16,352 

10 

540 


95 

25 

25 

1,730 

315 

80 

1,110 

115 

105 

905 

8.737 

55 

905 

5 

45 

4ft5 

14.737 


• ;■ 


Table  S.  Soil  ««rl««  and  hydrologic  qroupt  by  * 
(In  acrat)  J./ 


S«i  • 


Table  S. 


Soil  Seri es 

O O 

O * 

Acres 

X o 

mmm1 

SI  1 LLAGUAHI SH  BASIN  (Con.) 

L'lwnr  St  l 1 1 aqua*" i sh  (Con.) 

Ri verwash 

A 

315 

Rouqh  Broken  Land 

C 

2. 119 

Rouqh  Mountainous  Land 

C 

330 

Rouqh  Stony  Land 

c 

45 

Skykomi *h 

A 

3.28k 

Snnhomi vh 

B 

w* 

Su 1 tan 

B 

MO 

Tidal  Marsh 

B 

256 

Water (Fresh) 

- 

1 .568 

water (Salt) 

- 

1.822 

Total 

k| ,40k 

Church  Creek  0-22& 

A 1 derwood 

B 

2.572 

Bell  / nqham 

D 

372 

Carbondale(muck) 

D 

215 

Edmonds 

0 

k5 

Everett 

A 

290 

Indianola 

A 

5 

Ki tsap 

C 

1.590 

Lynden 

A 

10 

Hor^a 

C 

130 

Pi  1 chuck 

A 

5 

Puqet 

B 

1.730 

Puyal I up 

B 

90 

Rouqh  Broken  Land 

C 

265 

Skyknnt  sh 

A 

97 

S no honi sh 

B 

150 

Tidal  Marsh 

B 

k9k 

Water (Fresh) 

- 

9 

Water (Sal t) 
Total 

“ 

S"WI}"  BASIN 

Si1' 

A 1 derwood 

B 

k3,87k 

Alluvial  Soils 

A 

9M 

Barneston 

A 

9,k02 

Bel  1 i nqham 

D 

225 

Carbonda 1 e (muck ) 

0 

190 

Cathcart 

C 

320 

Edqewick 

A 

k,  1 58 

Edmonds 

0 

10 

Everett 

A 

5.212 

Crernwater 

A 

».»25 

Greenwood (peat) 

A 

66k 

Indianola 

A 

9kl 

Issaquah 

B 

93 

Kitsap 

C 

2.791 

Klaus 

A 

15.065 

Lynden 

A 

395 

Marsh 

e 

175 

Muk i 1 teo 

A 

599 

Wookseck 

c 

3.166 

Noma 

c 

403 

Oso 

B 

3.700 

PI Ichuck 

A 

1.616 

Puqet 

B 

6.815 

Puyal I up 

B 

5.556 

Puyal 1 up-Buck ley 

B 

35 

Kaqnar 

A 

2,029 

• 1 f 1 e ( Be  III  nqham  conple*) 

A 

550 

Rif le (peat) 

A 

2.660 

Ri verwash 

A 

860 

Rouqh  Broken  Land 

C 

13.429 

Rouqh  Mountainous  Land 

C 

130.158 

Rouqh  Stony  Land 

c 

3.919 

Salal 

B 

533 

Sammaei  i sh 

B 

135 

Snohomi sh 

B 

1.236 

Snoqualmie 

A 

4.733 

Stossell 

C 

2.093 

Sultan 

• 

821 

Tokul 

A 

4,626 

woodl nvi 1 le 

B 

256 

Water (Fresh) 
Total 

” 

6.237 

2797576 

ir'  and  hydrologic  groups  by  watershed,  Puqet 
(In  acres)  V 


u 

■■ii 

% 

Sol  1 Ser i r« 

o a 

N.  3 
■o  o 

Acres 

X o 

Skykomi sh  Ri yer 

kii 

V 

A 1 de  rwood 

B 

2,176 

Belli  nqhart 

0 

50 

Carbonda le (muc k ) 

0 

86 

Custer 

0 

35 

Edmonds 

0 

75 

Everett 

A 

4,886 

Greenwood (peat ) 

A 

15 

fndianola 

A 

212 

Ki t sap 

C 

3.961 

Lynden 

A 

2.857*. 

Muk i 1 teo 

A 

603 

Norma 

C 

307 

Oso 

B 

607 

Pi Ichuck 

A 

2.660 

Puqet 

B 

1,026 

Puyal lup 

B 

2,071 

RI f le (peat ) 

A 

72 

Ri verwash 

A 

1 .061 

Rouqh  Broken  Land 

C 

6,669 

Rouah  Mountainous 

Land 

C 

37.783 

Rouqh  Stony  Land 

c 

10,812 

Skykomi sh 

A 

5.382 

Snohomi sh 

B 

25 

Sul  tan 

B 

2 ,8l6 

Water (Fresh) 
Total 

2.695 
88.2 78 

Su!Un  Sl.nn 

8b- 2 

V 

A 1 de  rwood 

B 

888 

Custer 

0 

5 

Everet  t 

A 

6,615 

Greenwood (pear ) 

A 

28 

Indianola 

A 

183 

Ki tsap 

C 

390 

Lynden 

A 

196 

Muki 1 teo 

A 

180 

Nona 

C 

60 

Oso 

B 

18 

Puyal 1 up 

B 

180 

Ri f le(peat) 

A 

260 

Rouqh  Broken  Land 

C 

33.596 

Rouqh  Mountainous 

Land 

C 

725 

Skykomi sh 

A 

1.962 

Sul  tan 

B 

502 

Water (Fresh) 
Total 

” 

667 

66,211 

8b-k 

2/ 

A 1 derwood 

B 

11.192 

Belli nqham 

D 

1 80 

Ca r bonda 1 e (muck ) 

0 

115 

Cathcart 

C 

328 

Custer 

0 

135 

Edmonds 

0 

277 

Everett 

A 

12,720 

Greenwood (peat ) 

A 

73 

Indianola 

A 

363 

KI tsap 

c 

2.703 

Lynden 

180 

Mukl 1 teo 

A 

3% 

Wo  me 

C 

1,018 

Oso 

B 

60 

Puqet 

B 

20 

RI f le(peat) 

A 

253 

Rouqh  Broken  Land 

C 

6,212 

Rouqh  Mountainous 

Land 

C 

2.459 

Rouqh  Stony  Land 

c 

295 

Skykomf  sh 

2.123 

Sul  tan 

961 

water  (Fmsh) 
Total 

■ 

496 

40.557 

mchuck  Nlver 

fci* 

A 1 de  rwood 

e 

26,280 

Bel  1 Inqhem 

0 

298 

Carbonda le (muck) 

D 

606 

Cathcart 

C 

2 30 

ECknonds 

0 

227 

Everett 

A 

13.803 

Sound  Area  (con.) 


J 

| 

o 

Soi 1 Ser ies 

c a 

• 8 
> w 
I o 

4cr.» 

Pi Ichuck  River  (£on,) 

Greenwood (pea t ) 

A 

160 

Indianola 

A 

175 

Kitsap 

C 

535 

Lynden 

A 

2.577 

Muk i 1 teo 

A 

313 

Norn* 

C 

1.749 

Oso 

B 

598 

Pi  Ichuck 

A 

35 

Puget 

B 

932 

Puyal 1 up 

B 

1,062 

Ri  f 1 e (pea t ) 

A 

883 

R i verwash 

A 

250 

Rouqh  Broken  Land 

C 

2.741 

Rouqh  Mnuntai nous  Land 

C 

14,959 

Rouqh  Stony  Land 

C 

1.770 

Skykomi sh 

A 

2.179 

Sultan 

B 

383 

Weter(Fr.  sh) 
Total 

* 

1.830 

74.873 

French  Creek  8-2^ 

A 1 derwood 

B 

3.393 

Belli nqham 

0 

336 

Ca  r bon da  1 e (muck ) 

0 

143 

Cat  hear  t 

C 

60 

Edmonds 

0 

172 

Everett 

A 

4.537 

Greenwood (pea t ) 

A 

8 

1 ndianola 

A 

20 

Ki tsap 

C 

669 

Lynden 

A 

854 

Muki 1 teo 

A 

1 .966 

Norma 

C 

201 

Pi Ichuck 

A 

25 

Puqet 

B 

1,618 

Puyal 1 up 

8 

376 

Ri fie (peat) 

A 

196 

Ri verwash 

A 

35 

Rouqh  Broken  Land 

C 

1.078 

Rouqh  Mountainous  ..and 

c 

7 

Rouqh  Stony  Land 

c 

297 

Snohomi sh 

B 

1,018 

Sul  tan 

B 

890 

Water (Fresh) 
Total 

“ 

H$5 

Clhcn  Art.  ihi  V 

A (derwood 

B. 

3.249 

Belli nqham 

0 

155 

Carbonda le (muck) 

D 

45 

Cathcart 

C 

310 

Edmonds 

0 

55 

Everett 

A 

2,029 

Grernwood(peat) 

A 

5 

Ki tsap 

C 

195 

Lynden 

A 

20 

Muki 1 teo 

A 

90 

Norma 

293 

PI Ichuck 

A 

65 

Puqet 

B 

766 

Puya 1 1 up 

B 

280 

Ri f le(peat ) 

A 

20 

RI verwash 

A 

105 

Rouqh  Broken  Land 

C 

212 

Rouqh  Stony  Land 

C 

988 

Skykomi sh 

A 

15 

Water (Fresh) 
Total 

Soohomisl.  E.lmrv  8-6  11 

Aide rwood 

B 

16.713 

Bel  1 i nqham 

0 

540 

Carbondalc(muck) 

0 

1.208 

Cathcart 

c 

50 

Coastal  Beach 

A 

10 

Custer 

0 

6.692 

Edmonds 

0 

259 

Everett 

A 

2.006 

Greenwood (peat) 

A 

MO 

27 


Table  5.  Soil  series  and  hydrologic  groups  by  watershed,  Puqet  Sound  Area  (con.) 
(In  acres)  |/ 


U 

■■ 

3 

Soil  Series 

o a 
E 1 
■U  I 

> >- 

x o 

Acres 

SHOHOhl SH  MSI.  Iton.) 

Indlanola 

A 

212 

Ki tsap 

C 

861 

Lynden 

A 

7.278 

Hade  Land 

- 

290 

Huklltao 

A 

• .473 

Norma 

C 

3.821 

Pi Ichuck 

A 

65 

Puget 

B 

5,111 

Puya 1 1 up 

B 

685 

llll.lwll 

A 

435 

Rough  Broken  Land 

C 

858 

Skykomi $h 

A 

20 

Snohomi sh 

B 

2.942 

Tidal  Harsh 

0 

58) 

Water (Fresh) 

- 

1,997 

Water (Sal t) 

- 

— 13$ 

Total 

53,017 

mr.M.n.  ».M  hi  11 

Alderwood 

B 

5.545 

Cerbondale(muck) 

D 

68 

Cathcart 

C 

449 

EOnonds 

0 

15 

Everett 

A 

1,648 

Creenwood(peat) 

A 

23 

Indlanola 

158 

Lynden 

A 

20 

Hukl lteo 

A 

650 

Norma 

C 

212 

Pi Ichuck 

A 

70 

Puget 

8 

1.670 

Puya 1 1 up 

B 

898 

Rl f le(peat) 

A 

170 

Rl verwash 

A 

20 

Rough  Broken  Land 

C 

557 

Snohomish 

B 

2,491 

Sul  tan 

B 

299 

Water (Fresh) 
Total 

' 

mcifll  MAIMCI1 

hli1 

' 

Alderwood 

B 

14,444 

Bellingham 

0 

76 

Ga rbonda 1 e (muc k ) 

0 

162 

Coastal  Baach 

209 

Custer 

65 

EOnonds 

90 

Everett 

4,225 

G reenwood (pea  t ) 

A 

44 

Indlanola 

253 

Kitsap 

30 

Lynden 

145 

Hade  Land 

• 

15 

Huklltao 

A 

126 

Norma 

C 

359 

Puyallup 

40 

Rlfla(paat) 

101 

Rough  Broken  Land 

4,002 

Tidal  Harsh 

100 

Water (Fresh) 

- 

47 

Water (Salt) 
Total 

‘ 

9.268 

3Jloi 

Alderwood 

•9.156 

Bellingham 

,70 

CirMallluU) 

70 

Coastal  Baach 

70 

EOaonds 

327 

Everett 

i.*7l 

6raanwood(paat) 

178 

Indlanola 

237 

Kitsap 

350 

Huklltao 

130 

Norma 

210 

U 

Soil  Series 

o o 

Acres 

fi 

Puget 

B 

202 

*irit(p..t) 

A 

601 

Rough  Broken  Lend 

C 

565 

Water (Fresh) 

- 

1.098 

Water (Sa 1 t) 
Total 

6.48S 

34,020 

CtMH  VilW 

PACIFIC  DRAINAGES 

[r.  0-27  1 

Alderwood 

B 

29. 18<. 

Bellingham 

0 

155 

Carbonda lc (muck) 

0 

1,208 

Edmonds 

D 

407 

Everett 

A 

8.24? 

Greenwood (peat) 

A 

91 

Indlanola 

A 

437 

KI tsap 

C 

247 

Lynden 

A 

Harsh 

B 

15 

A 

304 

Norm* 

C 

2.524 

Puget 

B 

211 

Puya  1 1 up 

B 

182 

Rl f le(peat) 

A 

1.009 

Rough  Broken  Land 

C 

200 

Snohomi sh 

B 

207 

Sul  tan 

B 

30 

Water (Fresh) 

Total 

’ 

trfft 

Alderwood 

B 

J8.&29 

Alluvial  Sods 

A 

86 

Barneston 

A 

254 

Bellingham 

D 

820 

Carbondala(muck) 

0 

294 

Cathcart 

C 

907 

Coastal  Baach 

A 

30 

Edgewlck 

A 

33 

Edmonds 

0 

*5 

Everett 

A 

5.730 

Greenwood (peat) 

A 

47 

Indlanola 

A 

5,755 

Ki  tsap 

C 

5,392 

Lynden 

A 

647 

Hade  Land 

- 

121 

Harsh 

B 

47 

Hukl lteo 

A 

340 

Norma 

1.185 

PI  Ichuck 

206 

Puget 

B 

158 

Puyallup 

B 

793 

.Ifl.(.Mt) 

A 

1.063 

Rlverwesh 

A 

40 

Rough  Broken  Lahd 

c 

791 

Rough  Hountalnov.  Land 

5,393 

Snohomi sh 

B 

62 

Snoquelmie 

•1 

7 

One  lass  1 fled 

1 3.fcSI 

Water (Fresh) 
Total 

22.690 
105. lU 

Seattle 

Alderwood 

3.132 

Bel  1 Ingham 

D 

Carbonda la (muck) 

2 

Coastal  Baach 

47 

Everett 

1.317 

Indlanola 

60 

Kltaap 

999 

Hade  Land 
Norma 

“ 

81 

«m.(>M.r) 

60 

Rough  Broken  Land 

5* 

Uncle* si  fled 

' 

14,624 

Soil  Series 

«r 

_o 

O Q 

■o  o 

Acres 

Upper  west  Slope  Seattle  . 

(Con.) 

Water (Fresh) 

Water (Salt) 

Total 

S«m»l.h  >i.,r 

I 

1.019 

>8.686 

40,097 

A I dr r wood 
Alluvial  Soils 


*0.157 

*♦92 


Barnes  ton  A 

Bellingham  D 

Buckley  0 

Car bon dale (muck)  0 

Cethcert  C 

Coastal  Baach  A 

Everett  * 

Greenwood(peet)  A 

Indlanola  A 

Issaquah  B 

Kitsap  C 

Lynden  A 

Hade  Land 

Harsh  8 

Huklltao  A 

Norma  C 

PI  I chuck  A 

Puget  B 

Puye  1 1 up  B 

RlMe(peet)  A 

Rlverwesh  A 

Rough  Broken  Land  C 

Rough  Hountalnous  Land  C 

Sale I B 

Snohomish  B 

Snoquelmfe  A 

Sultan  B 

Wood! nvi lie  B 

Water (Fresh)  * 

Total 


6,50k 

677 

12 

222 

1.2*0 

57 

6,660 
209 
1,5*0 
312 
*♦.7*0 
1 ,406 
II 
7 

4k  7 
996 
190 
2.519 
1 .910 
1.865 
Jl 
*•.332 
19.649 

15 

550 

DO 

1.169 

236 

211 

tsHB 


C.0r  UlYH 


Alderwood 
Alluvial  Soils 
Barneston 
Bel  I Ingham 
Carbonda le(muck) 
Cat heart 
Everett 

Greenwood (peat) 

Indlanola 

Kitsap 

Klaus 

Lynden 

Hade  Land 

Harsh 

Huklltao 

Norma 

P1 1 chuck 


Puyallup 
Rl f le(paat) 

Rlverwesh 

Rough  Broken  Land 

Rough  Hountalnous  Land 

Snohomish 

Snoguelmle 

Sultan 

Water (Fresh) 

Total 

GREEN  BASIN 


17.507 

86 

14.416 

101 

77 

558 

862 

147 

272 

532 

414 

55 

45 

15 

71 

258 

867 

141 

1.153 

664 

276 

3.487 

6,450 

12 

729 

85 


rotifit  AMiietH 

Lanr  mi  ilan 

Seattle 

Alderwood  B 

Carbonda I a (muck)  0 

Coastal  Baach  A 


6.421 

25 

43 


28 


Table  S. 


Soil  series  and  hydroloqic  groups  by  watershed,  Puqet  Sound  Area  (con.) 
(In  acres)  J/ 


“ 

I 

“ 

■■■ 

| 

o 

6 

■ 

o' 

Soil  Series 

o cj 

■ 

Soli  Series 

o a 

R 

Soi 1 Series 

c a 

Acres 

1 c 

£ 

R 

i o 

■ 

X <J 

GAt£N  BASIN  (Con.) 

0-38  * 

White  Ri ver  (Con, ) 

B 

13.027 

B 

3.829 

'(Con. ) 

Belli nqhem 

0 

66 

Puyal 1 up-Buck ley 

B 

107 

Carbonda)e(muck) 

0 

3k 

Raqnar 

A 

22k 

Everett 

A 

1,116 

Coastal  Beach 

A 

17 

R i f 1 e (Be  1 1 i nqham  complex) 

A 

20 

Greenwood(peet)* 

A 

6k 

Everett 

A 

898 

A i ♦ 1 e ( pea  t ) 

A 

565 

I ndianola 

A 

710 

(ndianola 

A 

665 

R i verwash 

A 

2,520 

Ki tsap 

C 

35k 

Ki tsap 

C 

285 

Rouqh  Broken  Land 

C 

4,690 

Klaus 

A 

10 

Lynden 

A 

99 

Rouqh  Hountainous  Land 

C 

60.652 

Lynden 

A 

28 

Huki Iteo 

A 

98 

Semiahnoo 

0 

536 

Huki Iteo 

A 

II 

Norma 

C 

123 

Skykomi sh 

A 

12 

Norma 

C 

127 

Rifle(peat) 

A 

5k 

Snohomish 

B 

617 

Puget 

B 

kO 

Rouqh  Broken  Land 

C 

1,18k 

Snoqualmie 

A 

267 

Rl  f le(peat) 

A 

38 

Water (Fresh) 

- 

kl 

Spanaway 

A 

10 

Rouqh  Broken  Land 

C 

1,065 

Water(Salt) 

- 

12.523 

Stossel 1 

C 

1,062 

Unc lass i f ■ ed 

- 

6,812 

Total 

29.Hk 

Sultan 

B 

913 

Water (Fresh) 

- 

63 

0-37  ^ 

Tacoma (muck) 

B 

20 

water (Salt) 

- 

I7.kl0 
3k. 337 

Jpgcr  Green  >lv.r 

Tanwax 

A 

40 

Total 

Tlsch 

C 

3 

A 1 derwood 

B 

6,692 

Wi  Ikeson 

B 

90 

Ull  Sift  8.  2i 

Alluvial  Soils 

A 

89 

Wood! nvi lie 

B 

65 

Barneston 

A 

10,850 

Water (Fresh) 

- 

k .945 
128.387 

A 1 derwood 

B 

33.731 

Belli nqhem 

0 

58 

Total 

Alluvial  Soils 

A 

97 

Buckley 

D 

3.55k 

. . 

Barneston 

A 

8,560 

Car bon da  1 e (muck) 

0 

260 

Crbon  Hi  ver  2^* 

Belli  nqhem 

0 

289 

Cathcart 

C 

k,  1 82 

Carbondale(muck) 

0 

319 

Enumc law 

B 

1 ,566 

A 1 derwood 

B 

105 

Cathcart 

c 

1.719 

Everett 

A 

20 

Barneston 

A 

8.719 

Coastal  Beach 

A 

12 

Greenwood (peat ) 

A 

5 

Berneston-wi Ikeson 

A 

928 

Everett 

A 

8.597 

1 ndianola 

A 

462 

Belli nqham 

0 

2 

Greenwood (peat ) 

A 

137 

Ki tsap 

C 

15 

Everett 

A 

27 

1 ndianola 

A 

331 

Klaus 

A 

932 

Indlenola 

A 

729 

Kitsap 

C 

k8 

Lynden 

A 

85 

Hade  Land 

- 

33 

Lynden 

A 

70 

Hade  Land 

- 

186 

HcKenna 

D 

10 

Hade  Land 

- 

77 

Huki Iteo 

A 

k3 

Huki 1 teo 

A 

30 

Harsh 

B 

59 

Norma 

C 

25k 

Newberg 

A 

15 

Huki Iteo 

A 

Ikl 

PI Ichuck 

A 

97 

Norma 

C 

73 

Noma 

C 

851 

Puqet 

B 

37 

Ort 1 ng 

C 

1,208 

Pi  1 chuck 

A 

k85 

Puya 1 1 up 

B 

1 ,066 

PI  Ichuck 

A 

805 

Puqet 

B 

I.k89 

Puyel 1 up-Buck ley 

6 

9 

Puget 

B 

42 

Puyallup 

B 

6.7k7 

Rifle(peat) 

A 

777 

Puyal lup 

B 

k3» 

HI  Me(peat) 

A 

1.165 

Rl verwash 

A 

133 

Ri  verwash 

A 

57k 

Ri verwash 

A 

167 

Rough  Broken  Land 

C 

2,822 

Rough  Broken  Land 

C 

14.407 

Rough  Broken  Land 

C 

3.380 

Rouqh  Hountainous  Land 

c 

k7. 1 18 

Rough  Hountainous  Land 

C 

5.477 

Snohomish 

B 

329 

Sanvnani  Sh 

B 

22 

Rouqh  Stony  Lend 

C 

2,757 

Snoquelmi e 

A 

30 

Snoqualmle 

A 

137 

Samiahmoo 

0 

72 

Sul  tan 

B 

1.723 

Sultan 

B 

602 

Skykomi sh 

A 

65 

Woodlnvl 1 la 

B 

155 

Water (Fresh) 

- 

2.210 
8k, 2 83 

Sul  tan 

B 

15 

Unc  lass i Med 

• 

k , 301 

Total 

Wl  Ikeson 

B 

5.981 

Water (Fresh) 

- 

2.27k 

777283 

water (Fresh) 

- 

CT9S9 

Total 

WALLUf  88SIB 

Total 

8uv,  1 1 up  «iv.r  1-]V 

A 1 derwood 

B 

11.186 

A 1 derwood 

B 

13.778 

A 1 derwood 

B 

6.639 

Alluvia)  Soils 

A 

kk 

Alluvial  Soils 

A 

219 

Barneston 

A 

7.294 

Bellingham 

D 

3k 

Barneston 

A 

2,033 

Barnes ton-Wl Ikeson 

A 

922 

Buckley 

0 

578 

Belli nqhem 

D 

26 

Belli nqham 

D 

245 

Carbondale(muck) 

0 

6k  1 

Bow 

0 

20 

Bow 

D 

42 

Cathcart 

c 

621 

Buckley 

0 

10,098 

Buckley 

D 

23k 

Coastal  Beach 

A 

15 

Buck  1 ey-Enur»c  law 

0 

93  k 

Buc  k 1 ey-Enumc 1 aw 

D 

22 

Cm**clew 

B 

395 

Carbonda 1 e (muck) 

0 

730 

Carbondale(muck) 

D 

167 

Everett 

A 

770 

Cathcart 

C 

115 

Cathcart 

5 

Greenwood(peat) 

A 

172 

Edgewi ck 

A 

k30 

Cheh*  1 1 s 

15 

1 ndianola 

A 

351 

Edmonds 

0 

8 

Dupont 

177 

Kitsap 

c 

27 

Enumc law 

B 

5.30k 

Edmonds 

D 

Ik) 

Lynden 

A 

>8 

Everett 

A 

3.367 

Entanc  law 

B 

1.41k 

Hade  Land 

- 

25 

Greenweter 

A 

3.713 

Everett 

A 

16,043 

Harsh 

1 

7 

Greenwood (peat) 

A 

108 

Greenwood (pea t ) 

A 

12 

Hukl Iteo 

A 

115 

Indienole 

A 

229 

Indianola 

A 

3.126 

Norma 

C 

85 

Kapowsln 

B 

285 

Kapows i n 

B 

8,116 

PI Ichuck 

A 

575 

KI tsap 

C 

33 

KI tsap 

C 

1,097 

Puget 

B 

1.76k 

Klaus 

A 

503 

Kopieh 

D 

58 

Puyallup 

B 

6,366 

Lynden 

A 

21 

Lynden 

18 

Rlfle(peet) 

A 

177 

Hade  Land 

- 

68 

Hade  Land 

• 

ISO 

Rl verwash 

A 

95 

HcKenna 

D 

18 

HcKenna 

0 

222 

Rough  Brokan  Land 

C 

2.960 

Harsh 

B 

12 

Huki 1 teo 

A 

24 

Sammaml sh 

B 

70 

Hukllteo 

A 

118 

Nav^erq 

A 

50 

Snohoml sh 

B 

k26 

Norma 

C 

180 

Nl  squally 

A 

2 

Sultan 

B 

1,390 

Or ting 

c 

25 

Norma 

C 

164 

woodlnvl 1 la 

1 

339 

0 s© 

B 

1.330 

Ort Ing 

C 

1.514 

Unc last  1 fled 

- 

2.136 

PI Ichuck 

A 

3.2  76 

PI  Ichuck 

A 

2.323 

Water (Fresh) 
Total 

* 

Puget 

B 

221 

Puqet 

B 

53 

29 


Tabic  5.  Sol)  scries  and  hydroloqic  groups  by  watershed,  Puqet  Sound  Area  (con.) 
(In  acre*)  J/ 


1 

■ 

u 

■ 

u 

Soil  Series 

O 

0 

~F  Q 

Soil  *.  ries 

O 

O Q 

Ac  res 

• 

0 

*5  a 

Ac  res 

* 13 

- 

£i 

■ 

x 0 

PUYALLUP  BASIN  (Con.) 

HI  SQUALLY  BASIN 

Hade  Land 

. 

?k0 

Huck  Creek  0-kl  * 

Harsh 

B 

Ik 

Puyal t up 

B 

8,790 

Huki 1 teo 

A 

69 

Alderwood  t 

R 

296 

fiifl.  (pi  at) 

A 

236 

Nat iona 1 

A 

1 

Belli nqham 

0 

653 

Ri verwash 

A 

<#>k 

Norma 

C 

123 

Bov/ 

D 

8 

Rouqh  Broken  Land 

c 

19.851 

Pi Ichuck 

A 

k7 

Ca  rbonda  1 e (muc  k ) 

D 

38 

Rouqh  Mount  a 1 nous  Land 

c 

18,119 

Puqet 

B 

127 

Dupont 

D 

282 

Rouqh  Story  Land 

c 

k.SkO 

Puyal lup 

B 

328 

Edmonds 

0 

39 

Scmiahmoo 

D 

k52 

Ri f le(peat) 

A 

105 

Enumc law 

B 

1 

Si  nc lal  r 

B 

kS 

Rouqh  Broken  Land 

C 

1.508 

Everett 

A 

15.519 

Skykomi sh 

A 

138 

Semi ahmoo 

0 

178 

FI  tch 

A 

2,600 

Snohomish 

67 

Snohor'i  sh 

B 

1 

1 ndlanola 

A 

66k 

Spanaway 

5 

Sul  tan 

B 

901 

Kapows i n 

B 

16,716 

Sultan 

2.172 

Tacoma (muck) 

B 

5k5 

Kl tsap 

C 

172 

Tacoma (muck) 

B 

388 

Tidal  Harsh 

B 

20 

Lynden 

A 

178 

A 

Ilk 

Tlsch 

C 

20 

HcKenna 

0 

1 ,5k6 

Tidal  Harsh 

B 

20 

water (Fresh) 

- 

263 

Huki 1 teo 

A 

78 

Tl*ch 

C 

37 

water (Sal t) 

- 

2.80k 

19.067 

Nat ional 

A 

kO 

wapato 

C 

3 

Total 

Ni squal ly 

A 

1.385 

Wi Ikeson 

B 

10.620 

Norma 

C 

792 

Water (Fresh) 

- 

1.731 

W.P.10  Creek 

0-39  V 

Ortlng 

C 

258 

. 

70 

PI Ichuck 

A 

3k 

Total 

118,653 

Alderwood 

B 

1.163 

Puyal lup 

B 

3 

South  hr.lri,  Cr.rk  7-4  H 

Belli nqham 

D 

1 

Ri t le(peat) 

A 

190 

Carbondal e(murk) 

D 

Ik 

Rouqh  Broken  Land 

C 

525 

Everei • 

A 

169 

Semi ahmoo 

0 

I.k55 

Alderwood 

B 

1 .051 

Kapows ■ n 

B 

530 

Sinclair 

B 

3.152 

Barnes  ton 

A 

5, 55 » 

Made  Land 

- 

3k  8 

Skykomi sh 

A 

k2 

Barneston-Wl Ikeson 

A 

165 

HcKenna 

D 

II 

Spanaway 

A 

22.733 

Belli nqham 

D 

198 

Muk 1 1 teo 

A 

10 

Sultan 

B 

630 

Buckley 

D 

1.185 

Norma 

C 

22 

Tanwax 

A 

117 

Buckley-Enumc law 

0 

385 

PI  Ichuck 

A 

85 

Thornwood 

A 

50 

Carbondale(muck) 

D 

13 

Puget 

B 

30 

Tlsch 

C 

336 

Cat heart 

C 

75 

Puya 1 1 up 

B 

l ,25k 

Water (Fresh) 

• 

70.876 

Che ha  1 1 s 

A 

95 

Rough  Broken  Land 

C 

516 

Total 

Edmonds 

D 

10 

Semi ahmoo 

0 

5 

B 

670 

SI nclai r 

B 

10 

Everett 

A 

1,226 

Sultan 

B 

1.158 

376 

Greenwood (peat) 

A 

6 

Tacoma  (muck) 

B 

7k8 

Belli nqham 

0 

Indianola 

A 

665 

Tidal  Harsh 

8 

332 

Bow 

0 

18 

Kapows  In 

B 

287 

Tlsch 

C 

1 

Dupont 

D 

313 

Kitsap 

C 

100 

Water (Fresh) 

- 

100 

Enumc law 

B 

25 

Lynden 

A 

5 

Water (Sal t) 

- 

1.697 

b.iou 

Everett 

A 

8.571 

- 

175 

Total 

Greenwood (peat) 

23 

D 

35 

0-40  2 

Indianola 

A 

kl6 

A 

8 

Kapows! n 

B 

I6,k09 

A 

623 

Ki tsap 

C 

30 

C 

U6 

Alderwood 

B 

12,689 

HcKenna 

D 

883 

Ort 1 ng 

C 

92 

Bel  1 Ingham 

D 

3M 

Huki 1 teo 

A 

239 

PI  1 chuck 

A 

80 

Bow 

0 

215 

National 

A 

Puya 1 1 up 

B 

Ik 

Coastal  Beach 

A 

109 

Norma 

C 

277 

Rlfle(peat) 

A 

77 

Dupont 

0 

606 

Ortlnq 

C 

176 

HI verwash 

A 

k 

Edmonds 

0 

23 

Pi  Ichuck 

A 

873 

Rough  Broken  Land 

C 

10. 3k6 

Enumclaw 

B 

35 

Puget 

B 

25 

Rough  Hounta I nous  land 

C 

9.995 

Everett 

A 

I6,k22 

Puya 1 1 up 

B 

Rouqh  Stony  Land 

c 

1,513 

Fitch 

A 

5.60k 

Rl f !e (peat ) 

A 

Sami ahmoo 

D 

30 

Greenwood (peat) 

A 

13k 

RI verwash 

A 

60 

A 

5 

Indianola 

A 

215 

Rouqh  Broken  Land 

C 

2,k0l 

B 

2 

Kapows 1 n 

B 

5 ,klk 

Rough  Mountainous  Land 

C 

5 

A 

25 

Kl tsap 

C 

797 

Rouqh  Stony  Land 

c 

IkO 

Wapato 

C 

3 

Hade  Land 

- 

997 

Sami ahmoo 

D 

667 

B 

4,121 

HcKanna 

D 

5t>5 

Slnclai r 

B 

1 ,0k0 

Water (Fresh) 

* 

7*1$ 

Hukllteo 
Nl squal ly 

A 

A 

3k9 

587 

Skykomi «h 
S no horn 1 sh 

A 

• 

139 

10 

Norma 

C 

91 

Spanaway 

A 

80 

PACIFIC  DRAINAGES 

PI  Ichuck 

A 

71 

Sultan 

> 

15 

Puqet 

• 

19 

Tanwa* 

* 

151 

hvl«W.  Creek  StJfi  i 

Puyallup 

B 

10 

Tlsch 

282 

Rl  f le (peat ) 

A 

128 

Water (Fresh) 

- 

Alderwood 

B 

9,159 

Rouqh  Brokan  Land 

c 

k,288 

Total 

A 

10 

Rouqh  Hountal nous  Land 

C 

588 

Oho.  Cr««4 

Bel  1 Ingham 

0 

k2 

Semi ahmoo 

0 

7k8 

0 

Sinclair 

B 

8,628 

963 

Carbonda 1 e (muc k) 

0 

6k 

S no horn i sh 

B 

27 

Barneston 

A 

5 

Spanaway 

A 

k6,593 

Ball  Ingham 

36 

1 

Sultan 

B 

3,5k3 

Carbonda  le  (muck) 

8 

1 

Tanwe* 

A 

150 

Che ha  1 1 s 

A 

2k0 

A 

1,162 

Tlsch 

C 

159 

Dupont 

183 

Greenwood (peat) 

A 

17 

Watar(Frash) 

- 

2.538 

Evarett 

A 

1,807 

Indianola 

A 

239 

water (Sal  t) 

- 

14.532 
127, 185 

Indianola 

S 

B 

33k 

Total 

Kapows 1 n 

B 

Kl ttap 

C 

587 

1 

Koplah 

D 

37 

Tabic  5.  Soil  series  and  hydrologic  groups  by  watershed,  Puget  Sound  Area  (con.) 
(In  acras)  J/ 


u 

mmm 

y 

Soil  Sarles 

o c 

Acres 

£S 

Ml  SQUALLY  IAS  IK  (Con.) 

McKenna 

D 

5 

Muki Iteo 

A 

15 

Newberq 

A 

232 

Morme 

C 

15 

Ort Ing 

C 

20 

PI Ichuck 

A 

10 

Puya 1 1 up 

B 

5 

PI  verwesh 

A 

4 

Hough  Broken  b*nd 

C 

2,376 

Rough  Mountainous  Land 

C 

9,978 

Rough  Stony  Lend 

c 

2.315 

Semiahmoo 

0 

47 

Sinclair 

B 

20 

Skykoml sh 

A 

45 

Snohomish 

8 

30 

S paneway 

A 

65 

Tanwax 

A 

55 

Tlsch 

C 

16 

wapato 

C 

352 

Wl Ikeson 

B 

5.280 

Water (Fresh) 
Total 

• 

439 
28, (HO 

W»»WI  M.«r 

■ernes ton 

A 

415 

Belli ngham 

0 

21 

Dupont 

0 

10 

Everett 

A 

1.279 

Greenwood (peat) 

A 

2 

Kapowsln 

B 

595 

Kopleh 

0 

207 

Hukl 1 teo 

A 

170 

PI  Ichuck 

A 

92 

Rl verwesh 

A 

15 

Rough  Broken  Land 

C 

5.386 

Rough  Mountainous  Land 

C 

36.868 

Rough  Stony  Land 

c 

270 

Semiahmoo 

D 

15 

Slnclel r 

B 

78 

Tanwax 

A 

5 

Wl Ikeson 

B 

10,774 

water (Fresh) 
Total 

* 

tlllMlh  UlYtf 

Alderwood 

B 

4.J41 

Bernes ton 

A 

50 

Bernes ton-Wl Ikeson 

A 

519 

Bel 1 1 nghem 

D 

249 

Bow 

0 

105 

Ca rkonde 1 e (muc k ) 

D 

42 

Cat  heart 

C 

30 

Chehalls 

A 

106 

Clnebar 

B 

596 

Clspus 

A 

330 

Cleckamus 

0 

140 

Delphi 

B 

40 

Bwpent 

0 

79 

E*non  dt 

D 

8 

Kid 

A 

20 

Iverett 

A 

25,241 

Iverson 

c 

1.603 

Fitch 

A 

1.6)2 

Giles 

B 

1.759 

Greenweter 

A 

5.655 

A 

15 

Indlenote 

A 

%» 

Repaws  In 

« 

*.<•«> 

Ritsap 

C 

830 

R laker 

D 

XJ 

hop  1 eh 

0 

180 

LynPen 

A 

1 .005 

McKenna 

0 

MM 

Melbourne 

c 

5 

Muki Iteo 

A 

574 

National 

A 

5.121 

Netlka 

• 

MM 

U 

■■ 

y 

Soil  Series 

1 S 

Acres 

£ L3 

S 1 

Nlsauellv  River  (Con.) 

Mewberg 

A 

270 

Ni squally 

A 

1.845 

Morma 

c 

1,138 

Olympic 

c 

38 

PI Ichuck 

A 

2,671 

Puget 

B 

l8l 

Puyal lup 

B 

2,270  ' 

Reed 

D 

95 

Rif le(peat) 

A 

419 

Rl verwash 

A 

920 

Rough  Broken  Land 

C 

1,258 

Rough  Mountainous  Land 

B 

9.188 

Rough  Mountainous  Land 

C 

61,442 

Rough  Stony  Land 

C 

136 

Schooley 

c 

346 

Semiahmoo 

0 

69» 

Slnclal r 

B 

3.825 

Skykoml sh 

A 

45 

Snohoml sh 

B 

141 

Spanaway 

A 

13,144 

Stossel 1 

C 

2 

Sultan 

B 

235 

Tacoma (muck) 

B 

174 

Ten  1 no 

B 

2,679 

Tidal  Marsh 

B 

197 

Tlsch 

C 

1.056 

Tromp 

B 

101 

Tumweter 

A 

183 

Wapato 

C 

140 

Wapeto-Galvln 

c 

40 

Wl  Ikeson 

B 

15.411 

Winston 

A 

45 

Water(Fresh) 

- 

5.454 

Water (Sal t) 
Total 

“ 

970 

10k, oil 

Deschutes  River  0-46^ 

Alderwood 

B 

3.8)0 

Bel  1 Ingham 

0 

20 

Camas 

A 

347 

Cathcert 

c 

1,102 

Chehalls 

A 

1.665 

Delphi 

B 

15 

Eld 

A 

15 

Everett 

A 

a .510 

Everson 

C 

711 

Fitch 

A 

1,604 

Giles 

B 

4,227 

CreenMK>d(peet) 

A 

20 

1 ndlanola 

A 

975 

Kapowsln 

B 

820 

Ritsap 

c 

140 

Lynden 

A 

34) 

Hey town 

■ 

45 

McKenna 

0 

289 

Melbourne 

c 

1,400 

Muki Iteo 

A 

726 

Mewberg 

625 

Mtsgudl ly 

5.627 

Morme 

472 

Olywlc 

7.734 

Prather 

15 

Reed 

D 

369 

Rl f le(peet) 

4 

167 

Rl verwesh 

no 

Rough  Mountainous  Lend 

B 

23.766 

Rough  Mountainous  Lend 

C 

335 

Semiahmoo 

D 

5)5 

ihuweh 

n 

SnoMml  sh 

B 

3 

Spenewey 

Tacoma (muck) 

A 

B 

7.679 

I 

Ten  1 no 

B 

155 

Tlsch 

C 

62 

Tramp 

B 

80 

Tromp-TI  tch 

■ 

30 

TuHMOter 

A 

3.124 

vsepeto 

C 

979 

91 


U 

y 

Soil  Series 

O Q 

$ g 

Acres 

i 0 

Water (Fresh) 

_ 

817 

Total 

#3.435 

Henderson  Inlet  Area  0-47  * 

J 

Alderwood 

B 

4,646 

Belli nghem 

D 

1.285 

Che  ha  1 1 s 

A 

10 

Edmonds 

0 

15 

Evaratt 

A 

14,895 

Eva r son 

C 

205 

Fitch 

A 

2,052 

Gl  las 

B 

6,382 

Greenwood (peat) 

A 

40 

tndlanola 

A 

2,188 

Kl ttap 

C 

'1,381 

Lynden 

A 

1.271 

Mede  Lend 

- 

310 

McKenne 

0 

125 

Me  1 bou  r ne 

c 

3 

Muki 1 teo 

A 

1.755 

Mlsguel ly 

A 

3.8S9 

Morme 

c 

66 

Puget 

B 

62 

Puyel lup 

B 

1.087 

■ Ifl.(pMt) 

A 

367 

Rl  verwesh 

A 

10 

Semiahmoo 

0 

384 

IWIW7 

A 

4,701 

Sultan 

B 

765 

Tacoma (muck) 

B 

345 

Tanl no 

B 

580 

Tidal  Marsh 

B 

435 

Tlsch 

c 

305 

Tromp 

B 

286 

Tmuatsr 

A 

2.689 

Water (Fresh) 

- 

1.462 

water (Sal t) 
Total 

* 

11.791 

75.777 

Mtl  .u-M  Inl.l  >rw  khtV 

Alderwood 

B 

3.360 

Bel  1 Ingham 

0 

323 

Che  he! 1 s 

A 

5 

Delphi 

B 

365 

Edmonds 

0 

31 

Eld 

A 

178 

Evaratt 

A 

5.021 

Everson 

c 

213 

Fitch 

A 

554 

Giles 

B 

2,486 

Greenwood (peat) 

A 

23 

Grove 

A 

40 

Indlenole 

A 

30 

Kitsap 

C 

1,890 

Lynden 

A 

136 

Mede  Lend 

- 

40 

Nay town 

B 

216 

McKenne 

0 

239 

Melbourne 

C 

125 

Muki Iteo 

A 

247 

Mlsguel ly 

A 

295 

Morme 

C 

26 

Olympic 

c 

365 

Puget 

B 

323 

Rl  f le(peat) 

342 

Rl verwesh 

2 

Rough  Mountainous  Lend 

3.575 

Semiahmoo 

0 

31 

Spanaway 

A 

15 

Sultan 

20 

Ten  1 no 

B 

959 

Tidal  Marsh 

B 

25 

Tlsch 

C 

7 

Tromp 

B 

15 

Tueweter 

A 

571 

Weddell 

C 

66 

wapato 

C 

97 

Water (Fresh) 

• 

283 

water (Salt) 
Total 

4.557 

2/7096 

( 


Table  5.  Soil  series  end  hydroloqic  qroups  by  watershed,  Puqet  Sound  Area  (con.) 
(In  acres)  J/ 


Soil  Series 

O' 

0 

"o  o 
I o 

Acres 

Soil  Series 

1 
4 1 

I o 

Acres 

Sol  1 Ser i es 

O' 

o 

"o 

■O  < 

£ o 

Acres 

SAN  JUAN  ISLANDS 

ISLAND  COUNTY 

Central  Island  (Con,) 

Orc.-Waldron  1 s 1 Jods  0-11  j 

/ 

North  Island  p-16-^ 

Semiahmoo 

D 

22 

Snake  1 urn 

A 

495 

A 1 derwood 

B 

1 ,477 

Belli ngham 

0 

614 

Swan  town 

C 

315 

Belli  nqham 

0 

687 

Boxer th 

C 

230 

Tacoma  (peat) 

A 

30 

Bow 

D 

5,176 

Carbondele(muck) 

D 

182 

Tanwa* 

A 

76 

Coastal  Beach 

A 

340 

Casey 

C 

1 ,440 

Tidal  Marsh 

B 

944 

Cove  land 

C 

819 

Coastal  Beach 

A 

654 

Townsend 

B 

303 

Everett 

A 

1,781 

Coupevi 1 le 

B 

243 

Whi dbey 

A 

13.461 

Movde 

B 

19 

Cove  land 

C 

1,952 

Water (Fresh) 

- 

76 

tndlanola 

A 

951 

Ebeys 

B 

118 

Total 

30.386 

Indianola-Roche 

A 

917 

Fresh  Water  Marsh 

A 

53 

Neptune 

A 

30 

Greenwood(peat) 

A 

54 

South  Island  0-25^ 

Norma 

C 

290 

Hovde 

B 

121 

Orcas (peat) 

A 

5 

Moypus 

A 

11,598 

Belli nqham 

0 

66 

Pickett  complex 

C 

18,182 

Keystone 

A 

1,112 

Carbondale(muck) 

0 

5 

Roche 

D 

3,924 

lummi 

C 

502 

Casey 

c 

321 

Roche-Rock 

D 

9,828 

Made  Land 

- 

614 

Coastal  Beach 

A 

484 

Rock  Land 

0 

1.948 

Mukilt-o 

A 

286 

Greenwood (peat) 

A 

45 

San  Juan 

B 

35 

Norma 

C 

1,076 

Hovde 

B 

65 

Semiahmoo 

A 

55 

Pondi 1 la 

A 

135 

Hoypus 

A 

1.137 

Samlahmoo 

0 

278 

Ri fie (peat) 

A 

301 

Keystone 

A 

11.703 

Tidal  Marsh 

B 

1 

Rough  Broken  Land 

C 

323 

Lummi 

C 

818 

Water (Fresh) 

- 

484 

Rough  Stony  Land 

C 

266 

Muki 1 teo 

A 

537 

Water (Sal t) 

- 

San  Juan 

A 

135 

Norma 

C 

887 

Total 

140,689 

Semiahmoo 

0 

443 

RI f le(peat) 

A 

382 

Snake lum 

A 

10 

Rough  Broken  Land 

C 

962 

Sfrtrl  1 1 1 »ndi  £12-* 

Swan town 

C 

3.876 

Rough  Stony  Land 

c 

5 

Tacoma  (peat) 

A 

236 

Semiahmoo 

0 

130 

Active  Ounes 

B 

90 

Tanwex 

A 

152 

Tacome(peet) 

A 

55 

A 1 derwood 

B 

701 

Tidal  Marsh 

B 

101 

Tanwax 

A 

171 

Belli nqham 

0 

1.247 

Townsend 

B 

1.492 

Tidal  Marsh 

B 

126 

Bow 

D 

3.686 

Whldbey 

A 

12.153 

Townsend 

B 

5 

Coastal  Beach 

A 

259 

Weter(Fresh) 

- 

. 259 

Whi dbey 

A 

18,985 

Cove land 

C 

4,461 

Total 

40.731 

Water (Fresh) 

- 

224 

Everett 

A 

688 

Camano  Island  Q-2J  ^ 

Total 

37.213 

Hovde 

B 

40 

Indtanola 

A 

406 

WEST  SOUND  MS  ms 

Norma 

C 

318 

A 1 derwood 

B 

12.343 

Orcas (peat) 

A 

5 

Belli ngham 

0 

650 

Skooktf.  Creek  •i' 

Pickett  complex 

C 

381 

Bow 

D 

2,800 

Roche 

D 

8.287 

Coastal  Beach 

A 

443 

A 1 derwood 

B 

3.987 

Roche-Rock 

D 

12,132 

Coupevi 1 le 

B 

8 

Belli nqham 

0 

1.203 

Rock  Land 

D 

3.615 

Coveland 

C 

24 

Carstal rs 

A 

30 

Sen  Juan 

A 

1.289 

Ebeys 

B 

22 

Cloqual lum 

C 

4,094 

San  Juan 

B 

663 

Everett 

A 

2,459 

Delphi 

B 

3.759 

Semiahmoo 

A 

71 

Fresh  water  Marsh 

A 

20 

Edmonds 

D 

1 

Semiahmoo 

D 

734 

Hovde 

B 

75 

Eld 

A 

491 

Tanwex 

A 

5 

Indlanola 

A 

3.960 

Everett 

A 

3.547 

Tidal  Marsh 

B 

25 

Lummi 

C 

320 

Everson 

C 

90 

Water (Fresh) 

279 

Made  Land 

- 

53 

Fitch 

A 

82 

Water (Sal t) 

- 

131.494 

Hukl 1 teo 

A 

38 

Galvin 

C 

55 

Total 

170.876 

Norma 

C 

288 

Giles 

B 

1.703 

Pu.«t 

B 

190 

Gravel  Pit 

A 

5 

Lawi-lllHI.-hator  llLl4 

Rif le(peat) 

A 

82 

Grove 

A 

3.447 

Islands 

Rough  Broken  Land 

C 

1,026 

Indlanola 

A 

360 

Semiahmoo 

0 

41 

Juno 

A 

60 

Active  Dunes 

26 

Tacoma  (peat) 

A 

6 

Kl tsap 

C 

2.527 

Al  derwood 

1,160 

Tanwax 

A 

94 

Koch 

0 

20 

Bellingham 

0 

37 

Tidal  Marsh 

B 

316 

Lynden 

A 

55 

Bow 

4,412 

Townsend 

B 

6 

Lystai r 

A 

190 

Coastal  Beach 

A 

414 

Water (Fresh) 

- 

a 

Maytown 

B 

453 

Cove  land 

C 

2,064 

Total 

25.324* 

McKenna 

0 

45 

Everett 

A 

1.738 

He Mur  ray (peat) 

A 

25 

Movde 

8 

20 

Untr.l  l.l.na 

Muki 1 teo 

A 

392 

Indlanola 

A 

45 

Newberq 

A 

21 

1 ndlanole-Roche 

A 

347 

Bel  1 1 nqham 

0 

20 

Nl squel ly 

A 

20 

Neptune 

5 

Boierth 

C 

52 

Norma 

C 

155 

Norma 

67 

Carbondale(muck) 

D 

5 

Olympic 

C 

223 

Orcas(peat) 

45 

Casey 

c 

2.398 

Reed 

D 

30 

Pickett  complex 

C 

2.832 

Coastal  Beach 

A 

461 

RI f le(pea’ ) 

A 

21 

Roche 

0 

6,144 

Coupev 1 1 1 e 

B 

812 

Rouqh  Broken  Land 

c 

173 

Roche-Rock 

0 

4.402 

Coveland 

C 

108 

Rough  Mountainous  Land 

B 

12.385 

Rock  Land 

0 

1.219 

Ebeys 

B 

5M 

Rouqh  Mountainous  Land 

C 

5.849 

San  Juan 

A 

265 

Hovde 

B 

241 

Semiahmoo 

0 

175 

San  Juan 

I 

215 

Hoy pus 

A 

5,555 

Shel ton 

B 

6.772 

Semiahmoo 

A 

178 

Keystone 

A 

2,691 

Sinclair 

B 

55 

Semiahmoo 

D 

272 

Made  Land 

- 

8 

Spanaway 

A 

75 

Tanwex 

A 

80 

Muki 1 teo 

A 

64 

Sultan 

B 

20 

Tidal  Marsh 

B 

140 

Norma 

c 

357 

Tanwax 

A 

VO 

Water(Presh) 

• 

192 

Pondi lie 

A 

28 

Tebo 

C 

393 

W'ar(S,lt) 

- 

yum 

.iri.(DMt) 

A 

5 

Tidal  Marsh 

B 

50 

Total 

197115 

Rough  Broken  Land 

c 

549 

Waddell 

C 

772 

Sen  Juan 

A 

849 

wapato 

c 

481 
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Table  5, 


Soil  series  end  hydrologic  groups  by  watershed,  Puget  Sound  Area  (con.) 
(in  acres)  j/ 


u 

u 

O' 

o 

S 

Soil  Series 

Acres 

Soil  Series 

1! 

Ac  res 

*2 

„„  <r~  1 

WaaKg  tints  (fen.) 

Sinclair 

B 

3.399 

Tanwex 

A 

26 

Water (Fresh) 

- 

531 

Tidal  Harsh 

B 

19 

Water (Sal t) 
Total 

“ 

9.151 

^3.953 

Water (Salt) 
Total 

“ 

11. 25k 

2i.fi 1 

lt#baHa 

0-10  -1 

/ 

ColOiOorough  Cr.«>  0-51 

/ 

Alderwood 

B 

654 

Belfast 

0 

225 

Belfast 

C 

5 

Belli nghem 

D 

318 

Belfast 

D 

33 

Cerstei rs 

A 

1.633 

Bell  Ingham 

0 

51* 

Cloquet lun 

C 

1.185 

CIOVOllw 

C 

3,8^5 

Edmonds 

0 

90 

Delphi 

B 

1.063 

Gravel  Pit 

A 

13 

Everett 

A 

30 

Grove 

A 

13,278 

Gravel  fit 

A 

5 

Hoodsport 

A 

1.045 

Grove 

A 

2.485 

Juno 

A 

175 

Indlanola 

A 

105 

Koch 

D 

74 

Lystalr 

A 

487 

Lystalr 

A 

763 

Hade  Land 

- 

55 

Hay town 

B 

50 

nay  town 

B 

270 

HcKenna 

0 

618 

McKenna 

0 

17 

Hcfkjr  ray  (peat) 

A 

400 

Menu r ray (peat) 

A 

91 

Mufci 1 teo 

512 

Mukllteo 

A 

375 

Norma 

492 

Morme 

C 

25 

Mu6y 

100 

Nuby 

C 

25 

Oreas(paat) 

A 

27 

Bough  Broken  Land 

B 

590 

Rl verwash 

85 

Rough  Mountainous  Land 

C 

4,566 

Rough  Broken  Land 

270 

She! ton 

5.874 

Rough  Mountainous  Lend 

no 

Slnclel r 

55 

Rough  Mountainous  Lend 

C 

1.567 

Tanwex 

5 

Semi  ehmoo 

D 

130 

Tebo 

C 

485 

Shelton 

B 

16.556 

Waddell 

C 

60 

Tanwex 

A 

40 

Wapato 

c 

181 

Tebo 

C 

335 

Watar (Fresh) 

- 

338 

Waddell 

C 

355 

Is 

5 

■ 

*£ 

Wepeto 
Water (Fresh) 

c 

55 

274 

Anderson  Island 

0-11  * 

Water (Sal t) 
Total 

■ 

Alderwood 

590 

Northwest  Shelton  0-55 V 

Bellingham 

644 

Bow 

686 

Alderwood 

B 

57.335 

Coastal  Beech 

A 

5 

Alluvial  Soils 

A 

668 

Everett 

l.*52 

Belfast 

B 

35 

Indlanola 

» 

10 

Bellingham 

0 

695 

Kapowsln 

B 

196 

Carlsborg 

A 

30 

Puget 

78 

Carstalrs 

A 

1.397 

Rough  Broken  Land 

C 

252 

Cathcert 

C 

15 

Sinclair 

» 

864 

Cloqual turn 

C 

3.977 

Tacoma  (muck) 

B 

55 

Coastal  Beach 

A 

no 

Mater (Fresh) 

• 

143 

Edmonds 

0 

5 

Mater (Sal t) 

• 

Eld 

A 

80 

Total 

Everett 

A 

22.349 

Grav.l  fit 

A 

20 

ncJtall  Island 

0-12  V 

Greenwood (peat) 

A 

105 

Grove 

4.761 

Alderwood 

B 

2,396 

Mars  tana 

192 

Bellingham 

B 

250 

Indlanola 

A 

1,608 

Everett 

A 

335 

’ 

Juno 

A 

42 

Indlanola 

A 

757 

Kitsap 

C 

593 

Kapowsln 

B 

322 

Koch 

0 

65 

Mukllteo 

A 

55 

Lystalr 

A 

95 

Morme 

C 

7 

Hade  Land 

• 

26 

Rough  Broken  Land 

c 

95 

McKenna 

101 

water  (Fresh) 

IIS 

McHur ray  (pe« t) 

A 

983 

Water (Sal t) 
Total 

” 

-m 

Mukllteo 

Mordby 

A 

B 

1,877 

10 

Norma 

C 

308 

Hers tana  Island 

0=Z12/ 

Nuhv 

C 

55 

Orcas(paat) 

A 

307 

Bellingham 

0 

217 

Rl verwash 

A 

20 

Coastal  Beach 

A 

40 

Rough  Broken  Lend 

B 

783 

Everett 

A 

1,120 

Rough  Broken  Land 

C 

204 

Gravel  Pit 

A 

2 

Rough  Mountainous  Land 

c 

5 

Greve 

A 

1 

Semi ehmoo 

0 

107 

Her a ten* 

B 

7.391 

Shelton 

B 

663 

Indlanola 

A 

288 

Sinclair 

• 

2.595 

Rltaep 

c 

620 

9*>Ulnt(n.<) 

8 

53 

Mukllteo 

A 

26 

Tanwex 

A 

86 

Manaa 

C 

10 

Tebo 

c 

3 

Rough  Broken  Lend 

• 

388 

Tidal  Mrs* 

• 

j» 

13 


Soil  Series 

u 

r 

ii 

Acres 

Meter (Fresh) 

. 

2,421 

Weter (Salt) 
Total 

_ 

12 >050 
117,072 

South  fork  Skokcljh  6-56  * 

Alderwood 

B 

3.062 

Dungeness 

B 

2,781 

Everett 

A 

40 

Gravel  Pit 

A 

3 

Grove 

A 

3.630 

Hoodsport 

A 

3.215 

Indlanola 

A 

143 

Lystalr 

A 

5 

Hade  Lend 

. 

10 

HcMurrey (peat) 

A 

4 

Mukllteo 

A 

564 

Nordby 

B 

45 

Orcas (peat ) 

A 

76 

PI  Ichuck 

A 

642 

Puget 

B 

398 

Rlverwesh 

505 

Rough  Broken  Land 

B 

30 

Rough  Mountainous  Land 

1,152 

Rough  Mountainous  Lend 

C 

3.910 

Semi ehmoo 

3 

Shel ton 

2.842 

Skokomish 

864 

Tacoma (peat) 

A 

322 

Tanwex 

A 

38 

Tidal  Harsh 

e 

140 

Meter (Fresh) 

. 

256 

Mater (Sal t) 
Total 

• 

1.604 

2672* 

north  fork  Shohcwl  »h  0-57  ■l' 

Ounganess 

Grove 

Hoodsport 

Hoodsport 

Lystalr 

HcMurrey (peat) 

Mukl 1 teo 

Nordby 

Norma 

Orcee (peat) 

PI Ichuck 
Puget 
Rl verwash 

hough  Mountainous  Lend 
Rough  Mountainous  Lend 
Shokoalsh 

Mater (Fresh) 

Total 

i 

A 

A 

B 

A 

A 

A 

J 

A 

• 

A 

• 

C 

• 

345 

2.332 

7,717 

945 

30 

106 

48 

125 

10 

8 

215 

10 

27 

2,639 

2.125 

20 

41 

2.457 

l’9,200 

- 

Vnt  MM  CM.I  6-58  V 

Bel  1 1 ngham 

D 

15 

Cloqual lum 

C 

7 

Coastal  Beach 

A 

25 

Ihinganess 

B 

40 

Grove 

A 

1.856 

Hoodsport 

A 

13.663 

Hoodsport 

B 

3.572 

Juno 

A 

90 

Koch 

0 

5 

Lystalr 

A 

80 

Made  Lend 

• 

40 

McKenna 

0 

7 

HcMurrey (peat) 

A 

697 

Mukllteo 

A 

108 

Nordby 

B 

685 

Norma 

C 

10 

PI  Ichuck 

A 

95 

Puget 

B 

95 

Rlverwesh 

A 

10 

Rough  Mountainous  Land 

B 

3,530 

Rough  Mountainous  Land 

C 

3.372 

Sami ehmoo 

B 

10 

Shelton 

• 

S 

Table  5.  Soil  series  and  hydrologic  groups  by  watershed,  Puget  Sound  Area  (con.) 
(In  acres)  J/ 


WEST  SOUND  BASINS  (Con.) 

West  Not'd  Canal  ( 

!on.) 

Skokomi sh 

B 

Tan**e« 

A 

Tebo 

C 

Tidal  Marsh 

8 

Water (Fresh) 

- 

Water  (Sal t) 

- 

Total 

»iv«r 

0-59  ^ 

Alderwood 

B 

Alluvial  Soils 

A 

Belfast 

C 

Belfast 

0 

Cloqual lum 

c 

Coastal  Beach 

A 

Everett 

A 

Greer**ood(peat) 

A 

tndianola 

A 

Juno 

A 

Made  Land 

- 

McMur ray (peat) 

A 

Mukl Iteo 

A 

Morma 

C 

Nuby 

C 

Orcas (peat) 

A 

Rl verwesh 

A 

Rouqh  Broken  Land 

B 

Rough  Mountainous 

Land  C 

Tanwax 

A 

Tebo 

C 

Tidal  Marsh 

B 

Water (Fresh) 

- 

Water (Sal t) 

- 

Total 

Writ'  HPOd  Uml 

0-60  2 

Alderwood 

B 

Alluvial  Soils 

A 

Belfast 

C 

Bel  1 Ingham 

D 

Cloqual  It*. 

C 

Coastal  Beach 

A 

Etkaonds 

0 

Everett 

A 

Gravel  Pit 

A 

Greenwood(peat) 

A 

tndianola 

A 

Juno 

A 

Kl tsap 

C 

Koch 

0 

Made  Land 

- 

McKenna 

0 

Mukl Iteo 

A 

Mordby 

B 

Morma 

C 

Nuby 

c 

Orcas(paat) 

A 

Ri f le (peat ) 

A 

Rough  Broken  Land 

B 

Rough  Mountainous 

Land  C 

Saxon 

C 

SP>I4I»9(pmO 

0 

Tanwax 

A 

Tidal  Marsh 

B 

Water (Fresh) 

- 

Water(Salt) 

- 

Total 

fifif.  U.1M  Arw 

0-62  * 

Alderwood 

B 

Alluvial  Soils 

A 

Bellingham 

0 

low 

0 

Csrbonde le(muck) 

0 

Catheart 

c 

Coastal  Beach 

A 

Oupont 

0 

Carr  Inlet  Area  (C 

Edmonds 

Everett 

Greenwood (peat) 

tndianola 

Kapowsl n 

Kitsap 

lynden 

McKenna 

McHur ray (muck) 

Mukl I teo 
Nisqual ly 
Morma 
Puya 1 1 up 
A I fie (peat) 

Rough  Broken  Land 
Semi ahmoo 
Slnclai r 
Spalding (peat) 
Steep  Broken  Land 
Sul  tan 
Tanwax 
Tidal  Harsh 
Tisch 

Water (Fresh) 

Water (Salt) 

Total 


Alderwood 
Alluvial  Soi Is 
Belli ngham 
Carbondale(muck) 
Coastal  Beach 
Everett 

Greenwood (peat) 

I ndlenole 

Kitsap 

Lynden 

Hukl I teo 

Morma 

Ragnar 

Rough  Broken  Land 
Unclassif ind 
Water (Fresh) 

Water (Salt) 

Total 


Cloqual lum 

Oungeness 

Grove 

Hoodsport 

Moodsport 

Rough  Broken  Land 

Rough  Mountainous  Land 

Skokomi sh 

Tidal  Marsh 

Water (Fresh) 

Water (Salt) 

Total 


Ahl 

Ah I comp lea 

Belfast 

Ctoq'ial  lum 

Coastal  Beach 

Cbeys 

Grove 

Hoodsport 

Moodsport 

Movde 

Jolley 

Kitsap 

Lumml 

Lystalr 

May town 

Milk  i I teo 

Olete 


Table  5.  Soil  series  and  hydrologic  groups  by  watershed,  Puget  Sound  Area  (con.) 
(In  acre*)  J,/ 


A gnaw 

AM 

AM  complex 
Alderwood 
Ml  fast 
Ca*ay 
Cat  ay 
Cat heart 
Cloquei lum 
Coastal  Mach 
Col  vos 

Co I vos  complex 
Mybob 

Olscovary  My 

Olscovary  My  complex 

Olscovary  My  complex 

(bays 

CdMOnds 

Ivaratt 

6 rove 

Mood sport 
Hoods port 
Indlanola 
Jo I lay 

lystair 

Made  Land 
May town 
McMur ray (peat) 
Hufcilteo 
Nonaa 
Olata 

Olata  complex 
Orcas(paat) 

Qul Icana 


Semiahmoo 

Sinclair 

Snohomish 

Swan town 

Tacoma (peat) 

Tidal  Marsh 
Water (Trash) 
Total 


AIMrwood 
Mierth 
Casay 
Cathcart 
Chlmecum 
Clallam 
Coastal  Mach 
Co  I vos 

Co  I vos  coop  I ex 

Mybob 

Pick 

Pick  comp  I «x 
Plscovery  Pay 
Pltcovary  My  o 
Plscovery  My  o 
fbays 


Indlanola 

Keystone 

Kitsap 

Leal 

lystair 


McMwrrey(poat) 


Norma 

Olete 

Olata  complex 
Ortas (peet ) 

Qui Icana 

Read 

Rough  Mountainous 

San  Juan 

Semiehmoo 

Semiahmoo 

Sinclair 

Snohomi sh 

Swan town 

Tacoma (peat) 

Tidal  Marsh 
Tisch 
Townsend 
We  pa  to 
Whidbey 
Water (Fresh) 

Total 


Alderwood 
Alderwood  complex 
Casey 
Cathcart 
Chlmacum 
Clallam 
Coastal  Peach 
Col  vos 

Col vos  complex 
01  ck 

01 ck  complex 

Olscovary  My 

Olscovary  My  caap 

Olscovary  My  comp 

Oupont 

Ebeys 

Edmonds 

Everett 

Calvin 

Mood sport 

Indlanola 

Kitsap 

Made  Land 

May town 

McMur ray (peat) 

Mukl I teo 


Semiehmoo 
Sinclair 
Snohomish 
Swan town 

Tisch 

Wapato 

WhldMy 

Watar(Frash) 

Total 


Agnaw 

Alderwood 

Ml  I Ingham 

Chehells 

CMmaciae 

Clallam 

Coastal  Paach 

Ivaratt 

tome 

Plata 

Plata  comp I ax 

Rough  Mountainous  land 

Semiehmoo 

Spaldlng(paat) 


Tidal  Marsh 
Watsr (fresh) 
Total 

JVhn>9n  £ffjk 


Car  I sborg 

Chehells 
Clallam 
Coastal  Peach 
Elwha 
Everett 

Rough  Mountainous  Land 

Semiahmoo 

Sequlm 

Sp.  I d i nq(pMt) 

Tidal  Marsh 
Water (Fresh) 

Total 


Pal) Ingham 
Carl sborg 
Che ha  I is 
Clallam 
Coastal  Paach 
01  ck 

Punganass 
Elwha 
Ivaratt 
FI  I chuck 
Fuget 

Rif la(paat) 

Rl verwash 

Rough  Mountainous  Land 

Semiehmoo 

Segulm 

Spa  I ding (peat) 

Tidal  Marsh 
Townsend 
Water (Fresh) 

Total 


Pal  I Ingham 

Clallam 

Pick 

Punganass 

Elwha 

Everett 

Greenwood (pea  t ) 

PI (Chuck 

R I verwash 

Rough  Broken  Land 

tough  Mountainous  Land 

Semiahmoo 

Water (Fresh) 

Total 


Ml  I Ingham 

Chehells 

Clallam 

Pick 

Elwha 

Ivaratt 

Creenwood(paet) 

Rl f le(peet) 
tough  Orohen  Land 
Rough  Mountainous  Land 


Table  5.  Soil  set les  end  hydrologic  group*  by  watershed,  Puget  Sound  Area  (con.) 
(In  acres)  J./ 


SOIL  ASSOCIATIONS 


Grouping  of  the  soils  at  the  series  level  of  classification  into  soil  associations 
provides  a basis  for  showing  the  general  areal  distribution  of  the  soils.  (See 
Figure  3,  Generalized  Soils  Map,  Puget  Sound  Area). 

A soil  association  is  controlled  by  geography  rather  than  by  similarities  of 
soil  properties.  It  is  useful  for  describing  the  location  and  extent  of  soils. 
Within  an  association,  the  soil  series  have  a distinctive  pattern  of  occurrence 
that  gives  the  landscape  character.  For  example,  one  soil  may  be  nearly  level 
and  poorly  drained  but  associated  with  inter-related  soils  characterized  by 
undulating  or  rolling  topography. 

Soils  of  each  mapped  association  are  described  here  as  to  their  topographic 
occurrence,  drainage,  and  general  profile  characteristics.  The  area  of 
occurrence  of  each  soil  is  indicated  by  percent  in  the  narrative  description. 
This  percentage  provides  the  means  to  approximate  the  weighted  composite 
characteristics  of  the  geographic  area.  For  detailed  descriptions  of  soil  series 
and  types,  the  published  soil  survey  reports  by  counties  should  be  consulted. 


Descriptions 

Squalicum  Whatcom-Kickerville-Barnhardt  Soil  Association  (A02)1 

These  are  moderately  well  and  well  drained,  moderately  deep  soils,  overlying 
slowly  permeable  cemented  glacial  clay  till  and  glacial  gravelly  sandy  till.  The 
soils  have  formed  at  elevations  which  range  from  100  to  3,000  feet,  in  a 
climatic  zone  having  annual  precipitation  of  50  to  75  inches. 

Soils  in  this  association  are:  Squalicum,  23  percent,  Whatcom,  13  percent; 
Oso,  12  percent;  Kickerville,  9 percent;  Barneston,  3 percent;  Barnhardt,  4 
percent;  Bellingham,  1 percent;  Bow,  1 percent;  Cagey,  4 percent;  Cathcart, 
2 percent;  Custer,  1 percent;  Everson,  1 percent;  Giles,  1 percent;  Labounty, 
5 percent;  McKenna,  2 percent;  McMurray,  4 percent;  Norma,  1 percent;  and 
Puyallup,  4 percent.  Other  soils  which  occur  in  this  association  are:  Clipper, 
Edmonds,  Heisler,  Hemmi,  Hovde,  Indianola,  Kline,  Lynden,  Mukilteo, 
Neptune,  Nooksack,  Pilchuck,  Samish,  Salal,  Saxon,  Semiahmoo,  Skagit, 
Smith  Creek,  Snohomish,  Tromp,  Wickersham,  and  Woodlyn. 


1 AMOciation  identification  on  Ganaralizad  SoHt  Map. 
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Barnhardt  soils  occur  on  high  glacial  moraine  foothill  areas  with  undulating, 
rolling,  hilly,  and  steep  topography.  Cathcart  soils  occur  on  glacially  scoured 
foothills.  Squalicum  soils  occur  on  glacial  moraines  in  the  high  foothills. 
Whatcom  and  Kickerville  soils  occur  on  low  ground  moraines  generally 
characterized  by  kettle  and  kame  topography.  Labounty  soils  occur  in 
imperfectly  drained  basins,  and  Whatcom  soils  occur  on  moraines  and  kettle 
and  kames.  McKenna  soils  occupy  poorly  drained  basins.  The  soils  occur  at 
elevations  of  from  about  80  feet  to  400  feet  in  an  annual  precipitation  zone 
of  45  to  50  inches. 

Whatcom-Labounty -Cagey -McKenna-Norma  Soil  Association  (A03) 

Nearly  level,  undulating,  rolling  and  hilly,  moderately  shallow  and  shallow, 
moderately  well,  imperfectly  and  poorly  drained,  moderately  fine  textured 
soils  make  up  this  association.  These  soils  have  medium  and  moderately  fine 
textured  surfaces  and  silty  clay  loam  subsoils  overlying  dense,  compact  clay 
and  silty  clay  basal  till.  The  association  includes  areas  of  very  poorly  drained 
and  poorly  drained  basin  soils. 

Soils  in  this  association  are:  Whatcom,  25  percent;  Labounty,  12  percent; 
Cagey,  8 percent;  McKenna,  5 percent;  Norma,  5 percent;  Bellingham,  3 
percent;  Bow.  3 percent;  Custer,  1 percent;  Giles,  2 percent;  Hale,  1 percent; 
Kickerville,  4 percent;  Lynden,  2 percent;  McMurray,  3 percent;  and 
Puyallup,  1 percent.  Other  soils  in  this  association  are:  Barneston,  Barnhardt, 
Cathcart,  Clipper,  Edmonds,  Everson,  Hemmi,  Hovde,  Indianola,  Kline, 
Lummi,  Mukilteo,  Neptune,  Nooksack,  Oso,  Pilchuck,  Puget,  Salal,  Saxon, 
Schnorbush,  Semiahmoo,  Smith  Creek,  Snohomish,  Squalicum,  Sumas, 
Tromp,  and  Woodlyn. 

Whatcom  soils  occur  on  low  ground  moraines  with  kettle  and  kame 
topography.  Labounty  and  Cagey  soils  occupy  somewhat  poorly  drained 
basin,  undulating  and  rolling  areas,  and  Bellingham,  McKenna,  Norma,  Hale, 
and  Woodlyn  soils  occupy  poorly  drained  basins.  Organic  soils  occupy  very 
poorly  drained  basins.  The  soils  occur  at  elevations  between  100  and  200 
feet,  in  a climatic  zone  with  annual  precipitation  between  30  and  35  inches. 

Pickett-Rockland  Soil  Association  (A04) 

The  topography  is  hilly  to  precipitous.  Generally,  the  soils  are  moderately 
deep  to  shallow  silt  loams  and  loams  overlying  sandstone  and  argillite 
bedrock.  Many  Rockland  and  Rock  Outcrop  areas  occur  within  the 
association.  The  soils  have  formed  under  25  to  30  inches  of  annual 
precipitation. 

Soils  included  in  this  association  are:  Pickett,  85  percent;  Rockland,  8 
percent;  and  Rock  Outcrop,  3 percent;  with  small  areas  of  Semiahmoo, 
Orcas  and  Tanwax  series. 
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Lynden-Custer  Giles  Soil  Association  (A05) 

Gently  sloping,  undulating  and  hilly,  somewhat  excessively  drained,  well 
drained,  imperfectly  and  poorly  drained  soils  on  glacial  outwash  terraces 
make  up  this  soil  association.  The  soils  have  formed  under  a precipitation  of 
45  to  50  inches  annually. 

Soils  included  in  this  association  are:  Lynden,  23  percent;  McMurray,  16 
percent;  Custer,  12  percent;  Giles,  12  percent;  Edmonds,  3 percent;  Everson, 
2 percent;  Nooksack,  2 percent;  Puyallup,  3 percent;  Tromp  and  Tromp 
Complex  with  Norma,  10  percent;  and  Woodlyn,  4 percent.  Other  soils 
included  in  this  association  are:  Barneston,  Bellingham,  Bow,  Cagey, 
Cathcart,  Hale,  Hemmi,  Indianola,  Kickerville,  Kline,  Labounty,  McKenna, 
Mukilteo,  Norma,  Pilchuck,  Puget,  Saxon,  Schnorbush,  Semiahmoo,  Smith 
Creek,  Snohomish,  Sumas,  and  McKenna. 

Lynden,  Giles,  and  Indianola  series  are  sandy  and  silty  glacial  outwash  soils 
on  undulating  and  hilly  areas.  The  Custer,  Cagey,  and  Tromp  series  are 
gently  sloping,  imperfectly  to  poorly  drained,  moderately  deep  to  shallow 
basin  soils,  with  iron  cemented  sandy  subsoils.  Bellingham,  Everson,  Hemmi, 
McKenna,  and  Woodlyn  are  gently  sloping,  poorly  drained  basin  soils  with 
silty  clay  and  clay  sub'soils.  These  basin  soils  occur  in  the  low,  poorly  drained 
areas  within  the  Lynden,  Custer,  and  Giles  soil  series  association. 

Puyallup-Puget-Nooksack -Pilchuck  Soil  Association  (AOB) 

This  association  consists  of  nearly  level,  well  drained,  somewhat  excessively 
drained,  and  imperfectly  drained  bottom  lands,  subject  to  periodic  overflow. 
Also  included  in  the  association  are  adjacent  terraces  and  uplands. 

The  soils  have  silt  loam,  clay  loam,  sandy  loam,  and  sandy  surfaces,  and 
overlie  clay  loam,  fine  sandy  loam,  and  sandy  subsoils.  The  soils  occur  in  a 
climatic  zone  having  35  to  45  inches  precipitation  annually. 

Soils  included  in  this  association  are:  Puyallup,  29  percent;  Puget,  9 percent; 
Nooksack,  7 percent;  Pilchuck,  7 percent;  McMurray,  3 percent;  Barneston, 
4 percent;  Heisler,  2 percent;  Oso  Rough  Mountainous  Lands  (which  are 
adjacent  to  the  bottom  lands),  11  percent;  Squalicum,  1 percent;  and 
Alderwood/Squalicum  Complex,  10  percent.  Other  soils  included  in  this 
association  are:  Bellingham,  Bow,  Cagey,  Clipper,  Custer,  Giles,  Hale, 
Indianola,  Kickerville,  Kline,  Labounty,  Lummi,  Lynden,  McKenna,  Norma, 
Saxon,  Schnorbush,  Semiahmoo,  Skagit,  Smith  Creek,  Snohomis,  Thornton, 
Whatcom,  and  Wickersham. 
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Barneston-Oso-Smith  Creek  Soil  Association  (A09) 


These  are  nearly  level  to  hilly,  moderately  shallow  and  shallow,  somewhat 
excessively,  well  and  poorly  drained  terrace  and  bottom  land  soils  overlying 
sand  and  gravel,  and  basal  till.  The  soil  series  in  this  association  are: 
Barneston,  37  percent:  Cagey,  2 percent;  Clipper,  2 percent,  Heisler,  3 
percent:  Kline,  2 percent:  Oso,  35  percent;  Pilchuck,  2 percent;  Puyallup,  1 
percent;  Smith  Creek,  3 percent;  Squalicum  and  Squalicum/Alderwood 
Complex,  3 percent;  and  Wickersham,  1 percent. 

Soils  of  the  Barneston,  Barnhardt,  Lynden,  and  Smith  Creek  series  are 
gravelly  sandy  ablation  till  soils.  Soils  of  the  Bow,  Saxon,  Squalicum,  and 
Whatcom  series  are  basal  till  soils,  with  cemented  gravelly  sandy  and  clay 
substrata.  The  Oso  series  is  a basal  till  soil  overlying  sandstone  bedrock  at 
shallow  depths.  The  soils  occur  in  a climatic  zone,  having  annual  precipita- 
tion of  45  to  60  inches. 

Rough  Mountainous-Oso  Soil  Association  (A10) 

These  are  steep  to  very  steep,  moderately  well  and  well  drained,  thin  mantle 
soils,  overlying  sandstone  and  shale  bedrock.  In  places,  a thin  layer  of  basal 
till  may  overlie  the  bedrock.  Thickness  of  the  soil  mantle  is  extremely 
variable.  Numerous  Rock  Outcrop  areas  occur  on  the  steep  and  precipitous 
slopes.  The  soils  occur  at  elevations  from  about  100  feet  to  more  than  8,000 
feet,  in  a climatic  zone  having  an  annual  precipitation  of  50  to  more  than 
100  inches.  Descriptions  of  the  soils  can  be  found  in  a reconnaissance  soil 
survey  prepared  by  the  U.  S.  Forest  Service,  as  well  as  in  sources  previously 
mentioned. 

Soils  included  in  this  association  are:  Rough  Mountainous  and  Oso  soil 
materials,  99  percent. 

Alderwood-Everett-Kitsap  Soil  Association  ( A14) 

Soils  of  this  association  occur  on  nearly  level,  undulating,  rolling,  hilly  and 
steep  topography.  They  are  well  drained,  moderately  well  drained,  and 
poorly  drained  glacial  terraces  and  uplands  with  cemented  basal  till,  loose 
glacial  till  outwash  materials,  and  glacial  marine  terraces,  with  their 
associated  poorly  drained  and  very  poorly  drained  basins.  The  soils  occur  at 
elevations  from  near  sea  level  to  about  600  feet,  in  a climatic  zone  having 
annual  precipitation  of  30  inches  at  sea  level  to  more  than  70  inches  at 
higher  elevations. 

Alderwood  soils  make  up  about  60  percent  of  the  association;  Barneston,  1 
percent;  Bellingham,  1 percent;  Everett,  9 percent;  Indianola.  2 percent; 
Kitsap.  5 percent;  McMurray,  2 percent;  Puget,  1 percent;  and  rough  broken 


and  rough  stony  lands,  3 percent.  Other  soils,  which  occur  on  about  4 
percent  of  the  association,  are:  Cathcart,  Edgewick,  Edmonds,  Issaquah, 
Lynden,  Mukilteo,  Pilchuck,  Puyallup,  Salal,  Sammamish,  Snohomish 
Snoqualmie,  Sultan,  Woodinville,  and  Orcas. 

Alderwood  soils  occupy  the  glacial  uplands  underlain  by  strongly  cemented 
basal  till.  Everett  soils  occupy  glacial  outwash  uplands  underlain  by  loose, 
porous  gravels  and  sands.  Kitsap  soils  are  closely  associated  with  the 
Alderwood  soils  from  a topography  standpoint,  and  they  are  derived  from 
glacial  lake  and  marine  terraces.  Other  soils  of  the  glacial  outwash  materials 
are:  Barneston,  Indianola,  Lynden,  and  Snoqualmie.  Soils  occupying  poorly 
drained  basin  positions  are:  Bellingham  and  Norma.  The  poorly  drained 
basin  areas  are  occupied  by  the  organic  soils,  which  are:  McMurray, 
Mukilteo,  and  Orcas.  Bottom  land  soils  within  the  association  which  are 
subject  to  periodic  flooding  are:  Edgewick,  Issaquah,  Pilchuck,  Puget, 
Puyallup,  Salal,  Sammamish,  Snohomish,  Sultan,  and  Woodinville. 

Roche-Bow-Covefand  Soil  Association  (A15) 

These  are  imperfectly  drained,  moderately  deep,  basal  clay  till  and  marine 
clay  terrace  soils  and  their  associated  poorly  drained  bains.  They  have  loam, 
gravelly  loam  and  clay  loam  surfaces  overlying  dense,  silty  clay  loams  and 
clay  substrata.  The  soils  occur  at  elevations  from  sea  level  to  500  to  800  feet 
in  a mild,  marine  climate,  with  annual  precipitation  of  22  to  24  inches. 

Soils  of  this  association  are:  Roche-Rockland  complex,  30  percent;  Roche, 
20  percent;  Bow,  15  percent;  Coveland,  8 percent;  Rockland,  6 percent; 
Everett.  4 percent;  Alderwood,  4 percent;  San  Juan,  3 percent;  Bellingham, 
2 percent;  Semiahmoo,  2 percent;  Rockland,  1 percent;  and  Everett- 
Indianola,  1 percent. 

Other  soils  which  occur  on  4 percent  of  the  area  are:  Hovde,  Indianola, 
Neptune,  Norma,  Orcas,  Pickett-Rock  Outcrop,  and  Tanwax. 

Roche  soils  occur  on  stratified,  dense,  basal  till  on  undulating  to  steep 
topography,  and  Bow  soils  occur  on  massive,  dense,  basal  clay  till,  on 
undulating  to  rolling  topography.  Everett,  Indianola,  and  San  Juan  soils  are 
deep,  ablation,  gravelly  and  sandy  till  soils  on  rolling  and  hilly  topography. 
Within  these  areas  are  poorly  drained  basins  of  Bellingham,  Coveland, 
Norma,  Hovde,  Semiahmoo,  Tanwax  and  Orcas  series. 

Puyallup-Pilchuck-Puget-R  iverwash  Soil  Association  (A18) 

Soils  of  this  association  occur  on  bottom  lands  which  are  subject  to  frequent 
overflow.  They  are  moderately  coarse  and  coarse  textured  and  somewhat 
excessively  drained,  and  they  occur  on  nearly  level  topography,  at  elevations 


of  less  than  25  feet  to  about  600  feet,  in  a climatic  zone  having  annual 
precipitation  ranging  between  30  and  80  inches.  The  soils  are  subject  to 
overflow  during  periods  of  excess  precipitation. 

Bottom  land  soils,  which  are  subject  to  frequent  overflow,  occur  on  68 
percent  of  the  area.  Distribution  of  the  occurrence  of  the  bottom  land  soils 
are:  Puyallup,  34  percent;  Pilchuck,  6 percent;  Puget,  8 percent;  Riverwash, 
9 percent;  Sumas,  8 percent;  Kline,  1 percent.  Other  bottom  land  soils  which 
occur  on  2 percent  of  the  area  are:  Cokedale,  Lummi,  Samish,  Snohomish, 
Sultan,  Tanwax,  and  Woodinville.  Other  upland  and  glacial  terrace  soils 
which  occur  on  22  percent  of  the  association  are:  Everett,  1 percent; 
Greenwater,  1 percent;  Heisler,  7 percent;  Indianola,  1 percent;  Klaus,  2 
percent;  Lynden,  3 percent;  Marblemount,  2 percent;  Oso,  1 percent; 
Thornwood,  1 percent;  and  Rough  Stony  Lands,  4 percent.  Upland,  upland 
terraces,  and  terrace  basins,  which  occur  on  11  percent  of  the  association 
are:  Alderwood,  Bellingham,  Cagey,  Cathcart,  Edmonds,  Everett,  Giles, 
Gilligan,  Heisler,  Kitsap,  Marblemount,  McMurray,  Mukilteo,  Semiahmoo, 
Skiyou,  Squalicum,  Thornton,  Thornwood,  Wickersham,  Norma,  and  Oso. 

Rough  Mountainous  Land s-Crescent-Sand stone  Soil  Materials  Soil  Associa- 
tion (A20) 

This  association  of  soils  consist  of  steep,  rough  mountainous  areas, 
dominated  rock  lands,  rock  outcrops  and  talus  slopes. 

The  Crescent  series  are  shallow  loam  soils  overlying  sandstone  alluvial  fans. 
Other  soils  in  the  area  have  not  been  classified.  The  area  occurs  in  a climatic 
zone  having  50  to  100  inches  annual  precipitation. 

Rough  Mountainous-McLeod-Marblemount  Soil  Association  (A21) 

These  are  steep  and  very  steep  mountain  slopes  and  valleys  of  the  west  slope 
of  the  Cascade  Mountains.  In  this  association  the  soil  mantle  is  very  thin  over 
granite,  granodiorite,  and  other  acidic  rocks.  The  soils  are  formed  under  an 
annual  precipitation  of  70  to  100  inches  and  they  occur  at  elevations 
between  1,000  and  10,000  or  12,000  feet. 

Soils  included  in  this  association  are:  McLeod,  Marblemount,  and  other 
uncorrelated  and  unnamed  series. 

Custer-Lynden-Norma  Soil  Association  (A23) 

Soils  of  this  association  are  nearly  level  and  undulating,  poorly  drained,  and 
somewhat  excessively  drained.  The  Custer  soils  are  underlain  by  sandy  loams 
that  are  cemented;  the  Lynden  soils  are  underlain  by  loose  glacial  outwash 
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sands;  and  the  Norma  soils  are  in  basin  positions  and  are  underlain  by  clay 
loam  or  clay.  The  soils  occur  at  elevations  between  30  and  100  feet,  in  a 
climatic  zone  having  annual  precipitaion  between  30  and  50  inches. 

Soils  included  in  this  association  are;  Custer,  28  percent;  Lynden,  46 
percent;  Norma,  18  percent;  McMurray,  4 percent;  and  Puget,  2 percent. 
Rough  broken  lands.  Alderwood,  Orcas,  and  Mukilteo  series  occur  on  the 
remaining  2 percent  of  the  association. 

Puget -Snohomish-Puyallup  Soil  Association  (A28) 

Soils  of  this  association  occur  on  nearly  level  to  basin-like  topography,  and 
are  very  poorly  drained  to  somewhat  excessively  drained  bottom  lands  of  the 
Skagit.  Stillaguamish,  Samish,  Snohomish,  and  Skykomish  Rivers.  The  soils 
are  subject  to  periodic  overflow  and  flooding  during  periods  of  excess 
precipitation.  They  occur  at  elevations  from  near  sea  level  to  500  feet  in  a 
climatic  zone  having  annual  precipitation  which  ranges  between  30  and  70 
inches. 

Bottom  land  soils  of  this  association  occur  on  78  percent  of  the  area.  Soils 
included  inthe  bottom  land  portion  of  the  association  are:  Puget,  47  percent; 
Snohomish,  8 percent;  Puyallup,  7 percent;  Sultan,  2 percent;  Lummi,  2 
percent;  and  Riverwash,  10  percent.  Other  bottom  lands  soils  which  occur 
on  less  than  1 percent  of  the  association  are:  Kline,  Neptune,  Samish,  and 
Woodinville. 

Upland,  terrace,  and  terrace  basin  soils  which  occur  in  the  association  are: 
Alderwood,  1 percent;  Everett,  1 percent;  Lynden,  2 percent;  McMurray,  2 
percent;  Mukilteo,  2 percent;  Ragnar,  8 percent;  and  Rough  Broken,  and 
Rough  Stony  lands,  3 percent.  Other  upland  and  terrace  soils  which  occur  on 
8 percent  of  the  association  are:  Bellingham,  Bow,  Custer,  Edmonds,  Giles, 
Indianola,  Kitsap,  Klaus,  Kline,  Norma,  Orcas,  Oso,  and  Snoqualmie. 

Rough  Mountainous  Lands-Heisler-Thornwood  (Schist,  Argillite  and  Gneiss) 
Soil  Association  (A31) 

This  association  consists  of  steep  to  hilly,  very  shallow  to  deep,  well  drained 
mountainous  lands,  on  Schist,  Argillite  and  Gneiss  bedrock.  The  soils  are 
Heisler,  Blethen,  and  Thornwood  series.  The  Heisler  series  occur  on  alluvial 
fans  from  the  steep  mountain  slopes;  the  Thornwood  series  occur  as  ablation 
till  in  the  foothills;  and  the  Blethen  series  occur  in  the  mountainous  areas. 
Other  soil  series  which  occur  in  the  association  are:  Cathcart,  Everett,  Giles. 
Gilligan,  Greenwater,  Klaus,  Lynden,  Oso,  and  Skiyou.  The  association 
occurs  at  elevations  of  about  500  to  about  6,000  feet  in  a climatic  zone 
having  annual  precipitation  of  70  to  120  inches. 
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Everett-Barneston-Indianola-Alderwood  Soil  Association  (A36) 

Included  in  this  association  are  somewhat  excessively  drained,  glacial 
outwash,  sandy  and  gravelly  soils  occurring  on  topography  that  is  domin- 
antly nearly  level,  undulating,  rolling,  hilly,  and  steep. 

Distribution  of  soils  within  the  association  are:  Everett,  30  percent; 
Barneston,  28  percent;  Alderwood,  11  percent;  Indianola,  4 percent;  Rough 
Broken,  Rough  Stony,  and  Rough  Mountainous  lands,  10  percent;  Lynden,  3 
percent;  Snoqualmie,  2 percent;  Norma,  1 percent;  and  Puyallup,  1 percent. 
Other  soils  which  occur  on  5 percent  of  the  area  are:  Bellingham,  Cathcart, 
Custer,  Edmonds,  Kitsap,  Klaus,  Mukilteo,  Orcas,  Oso,  Pilchuck,  Puget, 
Sammamish,  Snohomish,  and  Stossel. 

The  association  occurs  from  near  sea  level  to  600  feet  in  elevation  in  a 
climatic  zone  having  35  to  60  inches  annual  precipitation. 

Fidalgo-Rockland  Soil  Association  (A41) 

This  association  consists  of  gently  sloping  to  steep,  shallow  to  moderately 
deep  soils  on  serpentine-like  bedrock.  Soil  series  in  this  association  are: 
Fidalgo,  41  percent;  and  Rockland  (Fidalgo  soil  materials),  55  percent. 
Other  soil  series  included  in  the  association  are.-  Alderwood,  Bellingham, 
Bow,  Lummi,  McMurray,  Puyallup,  and  Semiahmoo. 

The  Fidalgo  series  and  associated  Rocklands  are  shallow,  well  drained  rocky 
soils,  rocklands  and  rock  outcrops.  The  association  occurs  at  elevations  from 
sea  level  to  about  1,300  feet  in  a climatic  zone  having  annual  precipitation  of 
25  to  30  inches. 

Rough  Mountainous-Wilkeson  Soil  Association  (A51) 

Soils  of  this  association  occur  on  steep  and  very  steep  mountainous  slopes 
which  have  a mantle  of  various  thicknesses  of  volcanic  ash  over  lying 
andesite,  basalt,  and  volcanic  tuff  rocks.  They  occur  at  elevations  ranging 
between  1,000  and  12,000  or  14,000  feet. 

Soils  included  in  this  association  are:  Wilkeson,  Teneriffe,  and  Blethen.  The 
latter  two  soils  are  uncorrelated. 

Rough  Mountainous  Lands-Olympic  Soil  Materials  Soil  Association  (A61) 

Soils  of  this  association  occur  on  rolling,  steep,  and  very  steep  mountain 
slopes  and  valleys.  The  soils  are  formed  from  andesite  and  basalt  volcanic 
rocks.  The  materials  are  the  source  of  Olympic  soils. 
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Rough  Mountainous  Lands-Melbourne  Soil  Materials  Soil  Association  (A71) 

This  association  consists  of  rough  mountainous  lands  on  sandstone  and  shale 
bedrock.  Soil  series  are  dominantly  in  the  Melbourne  series  which  are 
moderately  deep,  well  drained,  upland  soils  on  soft  shale  bedrock.  The 
topography  ranges  from  rolling  to  steep.  The  association  occurs  in  a climatic 
zone  having  45  to  70  inches  annual  precipitation. 

Rough  Mountainous  Lands-Tebo-Ahl  Soil  Association  (A81) 

The  soils  are  formed  on  rolling,  hilly,  steep  and  very  steep  mountain  slopes 
and  valleys,  under  a climatic  zone  having  precipitation  of  70  to  more  than 
100  inches  annually.  They  occur  at  elevations  from  about  500  to  more  than 

7.000  feet. 

The  soils  included  in  this  association  are:  Tebo,  Ahl,  Delphi,  Elinor,  and 
other  unclassified,  uncorrelated  soils. 

Discovery  Bay-Olele-Ahl  Soil  Association  (A91) 

This  association  consists  of  hilly  to  steep,  well  drained,  shallow  to  deep  soils 
on  basalt  bedrock  and  conglomerate.  The  soils  in  the  association  are: 
Discovery  Bay,  36  percent:  Olele,  38  percent;  Ahl,  15  percent;  Alderwood,  3 
percent;  and  Hoodsport,  3 percent.  Other  soil  series  in  the  association  are: 
Agnew,  Clallam,  Edmonds,  Everett.  Grove,  Lystair,  Maytown,  McMurray, 
Mukilteo,  Norma,  Orcas,  Semiahmoo,  Sinclair,  Tacoma,  and  Swantown. 

The  Discovery  Bay  soils  occur  on  uplands  overlying  cemented  basalt 
conglomerate,  and  Olele  and  Ahl  soils  occur  on  uplands  overlying  basalt 
bedrock.  The  association  occurs  at  elevations  from  near  sea  level  to  about 

3.000  feet  in  a climatic  zone  having  annual  precipitation  of  17  to  40  inches. 

Whidbey-Hoypus-Keysone-Swantown,  with  inclusions  of  Casey -Coveland, 
and  organics,  Soil  Association  (B04) 

The  topography  on  which  these  soils  occur  is  dominantly  undulating,  but 
ranges  from  gently  undulating  to  steep,  particularly  on  areas  adjacent  to 
drainages  and  salt  water.  The  area  consists  of  moderately  well  drained, 
cemented,  gravelly,  sandy  basal  till  soils;  somewhat  excessively  drained, 
deep,  gravelly,  sandy  ablation,  till  soils;  and  poorly  drained,  clay  loam  and 
clay  basin  soils.  Elevations  range  from  nearly  sea  level  to  about  500  feet. 
Annual  precipitation  is  about  18  to  30  inches. 

Whidbey  soils  account  for  55  percent  of  this  association;  Hoypus  soils,  17 
percent;  Keystone  soils,  6 percent;  Swantown  soils,  5 percent;  Casey  soils,  2 
percent;  organic  soils,  2 percent;  and  the  remaining  6 percent  are  Bozarth, 
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Coupeville,  Ebeys,  Hovde,  Lummi,  Norma,  Pondilla,  San  Juan,  and  Town- 
send. All  the  soils  of  this  association  occupy  45  percent  of  the  Whidbey 
Island  soil  survey  area. 

The  nearly  level,  undulating,  and  rolling  areas  are  used  for  pasture,  hay, 
wood  crop  production,  and  urban  developments. 

Rough  Broken  Land-Rough  Stony  Land  (Cathcart  Materials) -Cathcart-Alder- 
wood-lndianola  Soil  Association  (B14) 

Soils  of  this  association  are  well  drained  to  somewhat  excessively  drained. 
They  occur  on  steep,  hilly,  and  rolling  topography  on  glaciated  uplands  with 
glacial  materials  overlying  sandstone  and  argillite.  At  somewhat  lower 
elevations,  the  glacial  materials  are  strongly  cemented  basal  till.  Other  areas 
are  deep  sandy  soils. 

Distribution  of  soils  within  the  association  is:  Rough  Mountainous,  Rough 
Broken,  and  Rough  Stony  lands  of  Cathcart  materials,  59  percent; 
Alderwood,  20  percent;  Cathcart,  7 percent;  Barneston,  2 percent;  Puyallup, 
3 percent;  and  Kitsap,  2 percent.  These  total  93  percent  of  the  soil 
association.  Making  up  the  other  7 percent  are:  Bellingham,  McMurray, 
Indianola,  Issaquah,  Everett,  Mukilteo,  Norma,  Pilchuck,  Puget,  Sammamish, 
Snoqualmie,  and  Sultan. 

The  Cathcart  soils  occupy  uplands  underlain  by  bedrock,  and  the  Alderwood 
soils  occupy  areas  of  basal  till.  The  Barneston,  Indianola,  Everett,  and 
Snoqualmie  soils  are  formed  in  sandy  and  gravelly  glacial  outwash  terraces. 
Soils  of  the  Bellingham,  and  Norma  series  are  formed  in  basin  areas  within 
the  glacial  terrace  soils.  Kitsap  soils  are  formed  from  glacial  lakes  and  marine 
sediments,  and  occur  on  undulating  to  rolling  topography.  Pilchuck, 
Puyallup,  and  Sultan  soils  are  moderately  well  to  excessively  drained  bottom 
land  soils.  Poorly  drained  bottom  land  soils  are  Puget,  Sammamish,  and 
Issaquah.  Organic  soils  of  the  McMurray  and  Mukilteo  series  are  formed  in 
very  poorly  drained  closed  basins  within  the  uplands  and  alluvial  flood  plains 
of  the  association. 

Puyallup-Sultan-Pilchuck -Puget  Soil  Association  (B28) 

This  soil  association  consists  of  somewhat  excessively  to  poorly  drained, 
nearly  level  bottom  lands,  and  their  adjacent  nearly  level  to  steep  uplands. 
The  bottom  land  soils  are  subject  to  periodic  overbank  flow  flooding.  The 
Puyallup  and  Pilchuck  soils  are  excessively  drained,  sandy  loams  and  sands 
respectively.  Sultan  soils  are  moderately  well  drained  silt  loams  and  light  clay 
loams,  and  the  Puget  Soils  are  poorly  drained  clay  loams  and  clay. 

Soils  in  this  association  are;  Puyallup,  49  percent;  Sultan,  14  percent; 
Pilchuck,  12  percent;  Puget,  ‘7  percent;  steep,  broken  lands  adjacent  to 
bottom  land,  6 percent;  McMurray  peat  in  very  poorly  drained  basins,  2 
percent:  Tacoma  muck,  which  is  very  poorly  drained  organic  soil  on  tidal 
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flats,  3 percent;  and  Snohomish,  2 percent.  Other  soils  in  the  association 
occuring  on  5 percent  of  the  area  are:  Unclassified  wet  lands,  Alderwood, 
Cathcart.  Everett,  Kitsap,  Mukilteo  peat,  Norma,  Sammamish,  Woodinville 
(poorly  drained  bottom  land  soils),  Snoqualmie,  Barneston,  Buckley, 
Enumclaw,  Klaus,  Hemmi,  Newberg  (a  somewhat  excessively  drained  bottom 
land  soil),  Orcas  peat,  Orting,  Ragnar,  Semiahmoo  muck,  Sinclair,  Spanaway, 
Tanwax,  Rockland,  Greenwater,  and  Lynden. 

Soils  occur  at  elevations  from  near  sea  level  to  about  500  to  600  feet,  in  a 
climatic  zone  having  annual  precipitation  of  30  to  60  inches.  The  adjacent 
uplands  are  nearly  level  to  steep  terraces,  with  moderately  well  drained 
Sinclair  and  Alderwood  soils  on  cemented,  gravelly,  sandy,  basal  till  plains; 
Kapowsin  soils,  which  are  moderately  well  drained  on  cemented,  sandy  clay 
basal  till  plains;  Norma,  McKenna,  Mukilteo,  Orcas,  Semiahmoo,  which 
occur  in  poorly  drained  and  very  poorly  drained  basins.  Everett,  Barneston, 
Greenwater,  Lynden,  Ragnar,  Snoqualmie,  and  Spanaway  soils  are  somewhat 
excessively  drained  soils  which  occur  on  gently  sloping  to  rolling,  deep, 
gravelly,  and  sandy  ablation  till  plains.  Buckley,  Enumclaw,  and  Orting  soils 
occur  on  gently  sloping  and  somewhat  poorly  to  poorly  drained  glacial 
mudflow  plains. 

Dungeness-Skokomish-Pilchuck  Soil  Association  (Cl 8) 

This  soil  association  consists  of  gently  sloping,  well,  somewhat  poorly,  and 
somewhat  excessively  drained  bottom  land  soils.  Soil  series  which  occur  in 
this  soil  association  are:  Dungeness,  44  percent;  Skokomish,  13  percent; 
Pilchuck,  11  percent;  unclassified  wet  and  steep  lands,  10  percent;  Puget,  7 
percent;  Mukilteo,  6 percent;  and  Tacoma,  5 percent.  Glacial  terrace  soils  of 
the  Everett,  Grove,  and  Shelton  series  occur  on  the  remaining  4 percent  of 
the  area. 

The  Pilchuck  series  are  deep,  somewhat  excessively  drained,  sandy  soils 
adjacent  to  stream  channels.  The  Dungeness  series  are  deep,  well  drained, 
silty  soils.  The  Skokomish  series  are  somewhat  poorly  drained,  heavy  silty, 
and  silty  clay  loam  soils.  The  Puget  series  are  poorly  drained  silty  clay  loam 
and  silty  clay  soils,  and  the  organic  soils  of  the  Mukilteo,  Orcas,  and  Tacoma 
series  are  very  poorly  drained  basins  within  the  flood  plains  and  tidal  flat 
areas. 

Clallam-Elwha-Agnew  Soil  Asiociation  (C24) 

This  soil  association  consists  of  moderately  deep,  moderately  well  drained 
basal  till  and  glacial  lacustrine  soils  on  gently  sloping  to  hilly  topography. 

Soil  series  which  occur  in  this  association  are:  Clallam,  35  percent;  Elwha,  26 
percent;  Agnew,  6 percent;  Everett,  6 percent;  Bellingham,  3 percent; 
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Carlsborg,  3 percent;  Sequim,  2 percent;  Crescent,  1 percent;  and  Dick,  1 
percent.  Rough  broken  and  rough  stony  lands  on  hilly  and  steep  topography 
occur  on  15  percent  of  the  area.  Other  soils  which  occur  on  2 percent  of  the 
area  are;  Dungeness,  McMurray,  Orcas,  Pilchuck,  Puget,  and  Semiahmoo. 

The  Clallam  series  are  moderately  deep,  moderately  well  drained  soils  on 
cemented  gravelly  sandy  loam  basal  till  terraces.  The  Elwha  series  are 
moderately  deep,  moderately  well  drained  soils  on  cemented  sandy  clay 
basal  till  terraces.  The  Agnew  series  are  moderately  deep,  moderately  well 
drained  soils  on  glacial-lacustrine  terraces.  Soils  of  the  Bellingham,  McMur- 
ray, Semiahmoo,  and  Orcas  series  occur  on  poorly  and  very  poorly  drained 
basins  of  the  basal  till  terraces.  Soils  of  the  Everett,  Carlsborg,  Sequim,  and 
Dick  series  occur  on  deep  ablation  till  terraces.  Crescent  series  are  alluvial 
fans  and  colluvial  materials  from  steep  mountainous  areas  of  sandstone  and 
shale. 

Edgewick-Nooksack-Salal  Soil  Association  (C28) 

These  are  gently  sloping,  somewhat  excessively  drained,  and  well  drained 
bottom  land  soils  subject  to  periodic  overbank  flow  flooding.  Edgewick  and 
Salal  soils  are  formed  in  alluvium  from  micaceous  rock  (granites,  grano- 
diorities,  and  schists)  of  the  adjacent  mountain  areas.  The  Edgewick  soils 
occur  adjacent  to  the  streams,  and  Salal  soils  are  high  bottom  lands  subject 
to  less  frequent  flooding.  The  Nooksack  series  are  silty  clay  soils.  The  soils 
occur  at  elevations  of  60  to  200  feet,  in  a climatic  zone  having  annual 
precipitation  of  60  to  90  inches. 

Soils  in  this  association  are:  Edgewick,  49  percent;  Nooksack,  17  percent; 
Salal,  7 percent;  Pilchuck,  1 percent;  Puget,  1 percent;  Puyallup,  1 percent; 
Mukilteo,  2 percent;  McMurray,  2 percent;  Snoqualmie,  3 percent;  and  rough 
broken  land,  10  percent.  Other  soils  in  the  association  are:  Issaquah,  Norma, 
Ragnar,  and  Snohomish. 

The  Edgewick,  Pilchuck,  and  Puyallup  series  are  somewhat  excessively 
drained  alluvial  soils.  The  Nooksack  and  Salal  series  are  well  drained;  the 
Puget,  Issaguah,  and  Snohomish  series  are  poorly  drained  alluvial  soils.  The 
Mukilteo  and  McMurrary  (Rifle)  series  are  very  poorly  drained  organic  soils 
which  occur  in  the  bottom  land  closed  basins  and  old  stream  channels.  The 
Snoqualmie  and  Ragnar  series  are  gravelly  and  sandy  ablation  till  terraces 
soils  and  the  Norma  series  occur  in  poorly  drained  basins  on  terraces 

Klaus-Ragnar  Soil  Association  (C36) 

This  soil  association  consists  of  undulation  to  steep  topography  on 
somewhat  excessively  drained,  gravelly  and  sandy,  ablation  till  terraces  at 
elevations  of  150  to  600  feet,  in  a climatic  zone  having  60  to  80  inches  of 
annual  precipitation.  Soils  of  this  association  are:  Klaus,  80  percent;  Ragnar, 
15  percent;  Snoqualmie,  2 percent;  Barneston,  2 percent;  and  rough 
mountainous  land,  1 percent. 
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The  Klaus  series  are  formed  in  loose,  gravelly  sand  and  the  Ragnar  series  are 
formed  in  sands  with  stratified  sand  and  gravel  substrata.  Snoqualmie  and 
Barneston  series  are  deep,  glacial  outwash  sands  and  gravels,  rough 
mountainous  areas  are  dominantly  shallow  soils  on  acid  igneous  rock. 

Buckley-Alderwood-Enumclaw  Soil  Association  (D14) 

This  soil  association  consists  of  shallow,  level  to  steep,  poorly  drained, 
somewhat  excessively  drained,  dense,  gravelly,  cobbly  and  stony  glacial 
sandy  clay  mudflow,  basal  till,  and  ablation  till  soils,  and  their  associated 
poorly  drained  and  very  poorly  drained  basins. 

Soil  series  of  this  association  are:  Buckley,  33  percent;  Alderwood,  23 
percent;  Enumclaw,  19  percent;  rough  stony,  rough  broken,  and  rough 
mountainous  land,  7 percent;  Buckley-Enumclaw  complex,  3 percent; 
Bellingham,  2 percent;  Sultan,  2 percent;  and  Everett,  1 percent.  The  other 
soil  series  which  occupy  10  percent  of  the  area  are:  Bellingham,  Cathcart, 
Edgewick,  Edmonds,  Greenwater,  Indianola,  Kapowsin,  Kitsap,  McKenna, 
Mukilteo,  Norma,  Orcas,  Orting,  Oso,  Pilchuck,  Puyallup,  Puyallup-Buckley 
materials,  Semiahmoo,  Tacoma,  Tanwax,  and  Rockland. 

Buckley,  Enumclaw,  and  Orting  soil  series  occur  on  nearly  level  and  rolling, 
poorly  to  somewhat  poorly  drained  glacial  sandy  clay  and  mudflow,  and  clay 
basal  till  plains,  with  Bellingham,  Edmonds,  Norma,  and  Semiahmoo  series 
which  occur  in  their  poorly  and  very  poorly  drained  basins.  Alderwood  series 
occur  on  dense,  cemented  gravelly,  sandy  loam  basal  till  with  undulating  to 
steep  topography,  and  Bellingham,  Norma,  and  organic  soils  occur  in  their 
poorly  drained  and  very  poorly  drained  basins.  The  Kapowsin  series  occur  on 
undulating  and  rolling  sandy  clay  basal  till  terraces,  and  the  Kitsap  series 
occur  on  associated  lacustrine  terraces  with  Bellingham,  McKenna,  Norma 
and  organic  soils  in  their  poorly  drained  and  very  poorly  drained  basins.  The 
Everett,  Barneston,  Indianola,  and  Greenwater  series  occur  on  undulating  to 
hilly,  somewhat  excessively  drained,  sandy  and  gravelly  ablation  till  terraces. 
Areas  of  Pilchuck,  Puyallup  and  Sultan  soils  occur  on  the  associated  bottom 
land.  The  rough  mountainous,  rough  broken,  and  rough  stony  lands  occur  on 
the  adjacent  hilly  and  mountainous  areas. 

Dungene»-Dick -Pilchuck  Soil  Association  (D18i 

This  soil  association  consists  of  well  drained  and  somewhat  excessively 
drained,  gently  sloping  bottom  lands  and  terrace  soils. 

The  soil  series  which  occur  in  this  association  are:  Du.igeness,  39  percent; 
Dick,  13  percent;  Pilchuck,  10  percent;  miscellaneous  unclassified  rough 
broken  and  wetlands,  13  percent;  Puget,  7 percent;  Bellingham,  5 percent; 
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Carlsborg,  3 percent;  Agnew,  2 percent;  Everett,  2 percent;  Clallam,  1 
percent;  and  Semiahmoo,  1 percent.  Other  miscellaneous  soils  make  up  the 
remaining  4 percent  of  this  soil  association. 

The  Oungeness  series  are  deep,  well  drained  bottom  land  soils,  and  the 
Pilchuck  series  are  deep,  somewhat  excessively  drained  bottom  land  soils. 
The  Carlsborg,  Dick,  and  Everett  series  are  deep,  somewhat  excessively 
drained  ablation  till  soils.  The  Clallam  series  are  moderately  deep,  moder- 
ately well  drained  basal  till  soils,  and  the  Bellingham  and  Semiahmoo  series 
occur  in  poorly  drained  basins  of  bottom  lands  and  glacial  terraces.  The 
Agnew  series  occur  on  gently  sloping  to  rolling  glacial-lacustrine  terraces. 

Chehalis-Greenwater-Semiahmoo-Nesika  Soil  Association  (D28) 

This  soil  association  is  found  on  nearly  level,  well  drained  to  very  poorly 
drained  bottom  lands,  associated  with  nearly  level  to  very  steep  basal  till 
terraces,  ablation  till  terraces,  and  uplands. 

Soils  in  the  association  are:  Chehalis,  20  percent;  Greenwater,  18  percent; 
Semiahmoo,  14  percent;  Nesika,  10  percent;  Newberg,  9 percent;  Wilkeson, 
6 percent;  Pilchuck,  5 percent;  Fitch,  3 percent;  Everett,  2 percent;  Klaber,  1 
percent;  Spanaway,  1 percent;  and  rough,  broken,  stony,  and  mountainous 
lands,  4 percent.  Other  soils  of  the  association  which  occur  on  7 percent  of 
the  area  are:  Maytown,  McKenna,  McMurray,  Mukilteo,  Norma,  Reed, 
Schooley,  Shuwah,  Spanaway,  Tumwater,  Wapato,  and  Oso.  The  soils  of  this 
association  occur  at  elevations  of  about  1,100  to  1,300  feet,  in  a climatic 
zone  with  an  annual  precipitation  range  of  40  to  60  inches. 

Spanaway-Everett- Fitch  Soil  Association  (D36) 

This  association  consists  of  nearly  level  to  hilly,  somewhat  excessively 
drained,  deep,  gravelly,  sandy  ablation  till  soils,  most  of  which  were  formed 
under  prairie  vegetation. 

Soil  series  in  the  association  are:  Spanaway,  60  percent;  Everett,  12  percent; 
Fitch,  8 percent;  Nisqually,  3 percent;  Norma,  3 percent;  Sultan,  3 percent; 
McKenna,  2 percent;  rough  stony,  rough  broken,  and  rough  mountainous 
lands,  2 percent;  Alderwood,  1 percent;  and  Indianola,  1 percent.  Other  soils 
included  in  the  association  which  occur  on  5 percent  of  the  area  are: 
Bellingham,  Bow,  Dupont,  Cathcart,  Chehalis,  Edmonds,  Everson,  Giles, 
Kapowsin,  Kitsap.  Lynden,  McKenna,  McMurray,  Mukilteo,  National, 
Newber,  Norma,  Orcas,  Oso,  Pilchuck,  Puget,  Puyallup,  Reed,  Semiahmoo, 
Sinclair,  Shuwah,  Snohomish,  Tanwax,  Tenino,  Tromp,  Melborne,  Wapato, 
and  Wilkeson. 

These  soils  occur  on  undulating  to  hilly,  basal  till  and  ablation  till  terraces 
and  their  associated  poorly  and  very  poorly  drained  basins  and  bottom  land 
flood  plains.  Upland  soils  overlie  basalt,  sandstone,  and  shale  bedrock.  The 
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soils  occur  at  elevations  of  50  to  400  feet,  in  a climatic  zone  which  has 
annual  precipitation  of  40  to  45  inches. 

Kapowsin-Everett-Alderwood  Soil  Association  (E14) 

This  association  consists  of  undulating  to  hilly,  moderately  deep  to  deep, 
moderately  well,  somewhat  poorly,  and  somewhat  excessively  drained 
cemented  basal  sandy  and  sandy  clay  till  soils,  and  their  associated  poorly 
drained  basins  and  bottom  lands. 

Soils  which  occur  in  this  association  are:  Kapowsin,  35  percent;  Everett,  22 
percent;  Alderwood,  15  percent;  rough  stony  and  rough  broken  land,  8 
percent;  Kitsap,  2 percent;  McKenna,  2 percent;  with  Barneston,  Bellingham, 
Dupont,  Norma,  Semiahmoo,  Spanaway,  and  Tenino  each  occurring  on  1 
percent  of  the  area.  Thirty-four  other  soil  series  occur  on  9 percent  of  the 
area.  These  soils  are:  Bow,  Chehalis,  Edmonds,  Enumclaw,  Fitch,  Indianola, 
Kopiah,  Lynden,  McMurray,  Mukilteo,  National,  Newberg,  Orting,  Orcas, 
Pilchuck,  Puget,  Puyallup,  Sinclair,  Snohomish,  Sultan,  Tanwax,  Tacoma. 
Waptao,  Wilkeson,  Cathcart,  Delphi,  Eld,  Everson,  Greenwater,  Tromp, 
Tumwater,  Nisqually,  Sultan,  and  Maytown.  Soils  occur  on  terraces  and 
bottom  lands  at  elevations  of  100  to  300  feet,  in  a climatic  zone  with  annual 
precipitation  of  35  to  50  inches. 

Pickett-Rockland-Roche  Soil  Association  (E15) 

These  are  well  drained  uplands  overlying  sandstone  and  graywacke  or 
limestone  bedrock  at  12  to  60  inches  or  more,  with  25  to  50  percent 
rocklands  and  rock  outcrop  areas.  The  soils  occur  on  undulating  to  very 
steep  topography  in  a mild,  marine  climate  with  precipitation  of  20  to  30 
inches  and  more,  and  they  occur  at  elevations  of  sea  level  to  2,600  feet. 

Soils  in  the  association  are:  Pickett-rock  outcrop  complex,  85  percent; 
Rockland,  8 percent;  and  Roche,  3 percent.  Other  soils  occurring  on  4 
percent  of  the  association  are:  Bow,  Coveland,  Everett,  Indianola-Roche 
complex;  Norma,  San  Juan,  and  Semiahmoo. 

Pickett-Rockland  complex  occurs  on  the  uplands.  Pickett  silt  loam  soils  are 
12  to  60  inches  deep  and  overlie  sandstone  or  graywacke  bedrock.  Pickett 
soils  occupy  about  60  percent  of  the  area  and  rock  outcrop  or  Rocklands,  40 
percent  of  the  area.  Roche  soils  occur  on  lowlying  hills  of  undulating  and 
rolling  topography.  These  soils  are  formed  in  dense,  stratified,  sandy  and 
clay  basal  till.  Other  soils  of  the  association  are  described  in  the 
Roche-Bow-Coveland  Soil  Association  (A  15). 
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Alderwood-Sinclair-Clallam  Soil  Association  (F14) 

This  soil  association  consists  of  moderately  deep  and  shallow,  moderately 
well  drained,  gravelly,  sandy,  cemented  basal  till  soils  on  gently  sloping  to 
steep  topography. 

Soil  series  in  this  association  are:  Alderwood,  50  percent;  Sinclair,  8 percent; 
Clallam,  6 percent;  rough  broken  lands,  6 percent;  Indianola,  5 percent; 
Kapowsin,  4 percent;  Agnew,  2 percent;  Everett,  2 percent;  Harstine.  2 
percent;  and  Cloquallum,  McMurray,  Swantown,  and  Whidbey,  each  1 
percent.  The  remaining  11  percent  of  the  association  area  is  occupied  by  the 
following  soils  series,  which  are  grouped  according  to  their  slope,  drainage 
class,  character  of  soil  formation,  and  topographic  position: 

Well  drained,  steep  uplands— Olympic,  Tebo,  Cathcart, 

Discovery  Bay. 

Moderately  well  drained  and  somewhat  poorly  drained,  gently 
sloping  to  steep  basal  till  terrace  soils— Bow,  Bozarth, 

Clallam,  Elwha,  Hoodsport,  Kapowsin,  McCleary,  Sinclair, 

Shelton.  Swantown,  Townsend,  Whidbey,  and  Harstine. 

Somewhat  excessively  and  well  drained,  deep  ablation  till 
terrace  soils— Carlsborg,  Carstairs,  Dick,  Everett,  Fitch, 

Giles,  Grove,  Indianola,  Keystone.  Lynden,  Lystair,  Nisqually, 

Ragnar,  San  Juan,  Spanaway,  and  Hoypus. 

Moderately  well  and  somewhat  poorly  drained  lacustrine  (glacial  lake) 
terrace  soils— Agnew,  Casey,  Cloquallum,  Kitsap,  Nordby,  and  Saxton. 

Poorly  and  very  poorly  drained  terrace  basins  on  nearly  level 
topography— Bellingham,  Dupont,  Ebeys,  Edmonds,  Everson, 
McKenna,  McMurray,  Mukilteo,  Orcas,  and  Tanwax. 

Gently  sloping  bottom  land  soils— Belfast,  Chehalis,  Eld, 

Hovde,  Juno,  Koch,  Lummi,  Maytown,  Norma,  Nuby,  Puget. 

Puyallup,  Reed,  Snohomish,  Sultan,  Tacoma,  and  Wapato. 

Sloping,  moderately  well,  and  imperfectly  drained  outwash 
terraces  and  alluvial  fans  from  shale  and  basalt— Galvin  and 
Waddell. 

The  Alderwood.  Clallam,  Sinclair,  Kapowsin,  Harstine,  Swantown, 
and  Whidbey  series  are  basal  till  soils  on  cemented  gravelly,  sandy, 
and  gravelly  sandy  clay  substrata.  Generally,  the  rough  broken 
lands  are  similar  soil  materials  on  slopes  in  excess  of  30  percent. 
Indianola  and  Everett  series  are  ablation  till  outwash  sands  and 
gravels.  The  Cloquallum  series  are  glacial  lake  terrace  soils.  The 
basin  soils  listed  above  occur  on  poorly  drained  areas  within  the 
glacial  terraces,  and  the  bottom  land  soils  occur  adjacent  to 
drainageways. 
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Nisqually-Giles-Tumwater  Soil  Association  (G36) 

This  association  of  soils  occurs  on  nearly  level  to  rolling,  somewhat 
excessively,  and  well  drained  ablation  till  outwash  plains  of  deep  sands  and 
gravel.  The  association  includes  moderately  deep  basal  till  soils,  with 
cemented  gravelly  sandy  substrata,  and  their  associated  poorly  and  very 
poorly  drained  basins. 

Soils  included  in  the  association  are:  Nisqually,  28  percent;  Giles,  22 
percent;  Tumwater,  17  percent;  Alderwood,  8 percent;  Mukilteo,  4 percent; 
Lynden,  3 percent;  Everson.  2 percent;  Tenino,  2 percent;  rough  stony, 
rough  broken,  and  rough  mountainous  lands,  2 percent;  Fitch,  1 percent; 
Semiahmoo,  1 percent;  and  Spanaway,  1 percent.  Other  soils  which  occur  on 
9 percent  of  the  association  are:  Bellingham,  Edmonds,  Indianola,  McKenna, 
McMurray,  Melbourne,  Norma,  Olympic,  Orcas,  Puyallup,  and  Tromp. 

Melborne  and  Olympic  series  are  moderately  deep  to  deep  upland  soils  on 
shale  and  basalt  bedrock,  respectively.  Alderwood  and  Tenino  series  occur 
on  undulating  to  hilly,  basal  till  plains  with  cemented  gravelly  sandy 
substrata.  Everett,  Fitch,  Indianola,  Lynden,  Nisqually,  Spanaway,  and  the 
Giles  series  occur  on  nearly  level  to  hilly  ablation  till  sandy,  gravelly,  and 
silty  outwash  plains.  The  Bellingham,  Everson,  McKenna,  Norma,  and  Tromp 
series  occur  on  nearly  level,  poorly  drained  basins.  The  organic  soils,  which 
are  McMurray,  Mukilteo,  Orcas,  and  Semiahmoo,  occur  in  very  poorly 
drained  closed  basins.  The  Puyallup  series  are  somewhat  excessively  drained 
bottom  land  soils.  Soils  of  this  association  occur  at  elevations  from  near  sea 
level  to  near  1,000  feet,  in  a climatic  zone  having  annual  precipitation  of  45 
to  60  inches. 

Hoodsport -She!  ton-G  rove  Soil  Association  (H14) 

This  soil  association  consists  of  undulating  to  steep,  moderately  well  drained, 
moderately  deep  basal  till  soils,  somewhat  excessively  drained  ablation  till 
soils,  and  shallow  to  moderately  deep  upland  soils  on  bedrock. 

Soil  series  which  occur  in  this  soil  association  are:  Hoodsport,  39  percent; 
Grove,  19  percent;  Shelton,  19  percent;  Cloquallum,  6 percent;  Swantown,  4 
percent;  Tebo,  2 percent;  Olele,  2 percent;  and  rough  broken  land,  1 percent. 
Thirty-four  soil  series  occur  on  the  remaining  8 percent  of  the  area.  These 
soil  series  are  listed  by  their  slope,  drainage  class,  character  of  soil  formation, 
and  topographic  position  as  follows: 
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Well  drained,  steep  upland  soils  developed  on 
bedrock— Ahl. 

Gently  sloping  to  rolling  outwash  terraces  and 
alluvial  fans  from  upland  soil  areas— Waddell. 

Moderately  well  drained,  gently  sloping  to  steep 
basal  till  terraces  soils— Alderwood,  Delphi, 

Sinclair. 

Somewhat  excessively  and  well  drained,  deep 
ablation  till  terrace  soils— Cartairs,  Ebeys, 

Everett,  Indianola,  and  Lystair. 

Moderately  well  and  somewhat  poorly  drained 
lacustrine  (glacial  lake)  terrace  soils— Kitsap, 

Nordby. 

Poorly  and  very  poorly  drained  terrace  basins  on 
nearly  level  topography— Bellingham,  Edmonds,  McKenna, 
McMurray,  Norma,  Orcas,  Tanwax. 

Gently  sloping,  poorly  to  well  drained  bottom  lands— 
Belfast,  Dungeness,  E Id,  Juno,  Koch,  Lummi,  Maytown, 
Nuby,  Pilchuck,  Puget,  Reed,  Skokomish,  Tacoma, 
Wapato. 

The  Hoodsport,  Shelton,  and  Swantown  series  are 
moderately  well  drained  and  occur  on  gently 
sloping  to  steep  cemented  basal  till  terraces. 

The  Grove  series  are  somewhat  excessively  drained, 
gravelly  sandy  ablation  till  soils  on  gently  sloping 
to  steep  topography. 

Cloquallum  soils  occur  on  gently  sloping  to  steep, 
moderately  well  drained  lacustrine  (glacial  lake) 
terraces. 

Tebo  and  Olele  series  are  shallow  to  moderately 
deep  upland  soils  formed  on  bedrock. 

Rough  broken  lands  are  steep,  rocky  areas  on  soil 
materials  similar  to  the  adjacent  land  areas. 
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SOIL  ASSOCIATION  MAP  LEGENDS 


The  principal  soils  grouped  by  the  colors  and  numbers  shown  on  the 
Generalized  Soils  Map,  Figure  3 are  listed  below: 

Red.  Gently  sloping  to  steep,  moderately  deep,  moderately  well,  and 
somewhat  poorly  drained  gravelly  sandy,  gravelly  silty  clay  loam,  and 
gravelly  clay  glacial  basal  till  soils. 

A02— Squalicum-Whatcom-Kickerville-Barnhardt  soil  association 
A03— Whatcom-Labounty-Cagey-McKenna-Norma  soil  association 
A 14—  Alderwood-Everett-Kitsap  soil  association 
A 15—  Roche-Bow-Coveland  soil  association 
B 14—  Rough  Broken  Land-Rough  Stony  Land  (Cathcart  Materials) 
Cathcart-Alderwood-Indianola  soil  association 
C24— Clallam-Elwha-Agnes  soil  association 
D14—  Buckley-Alderwood-Enumclaw  soil  association 
E14— Kapowsin-Everett-Alderwood  soil  association 
F14— Alerwood-Sinclair-Clallam  soil  association 
H14— Hoodsport-Shelton-Grove  soil  association 

Yellow.  Gently  sloping,  deep  to  shallow,  somewhat  excessively  drained 
bottom  land  and  organic  basin  soils  subject  to  flooding. 

A08— Puyallup-Puget-Nooksack-Pilchuck 
A18— Puyallup-Pilchuck-Puget-Riverwash 
A28— Puget-Sumas-Snohomish-Sultan 
B28— Puyal  lu  p-Su  Itan-Pilchuck-Puget 
C18— Dungeness-Skokomish-Pilchuck 
C28— Edgewick-Nooksack-Salal 
D18— Dungeness-Dick-Pilchuck 
D28— Chehal  is-G  reen  water-Semiah  moo-Nesi  ka 

Green.  Gently  sloping  to  steep,  deep  and  moderately  deep,  somewhat 
excessively  to  poorly  drained,  gravelly,  sandy,  and  silty  glacial  ablation  till 
soils. 

A05— Lynden-Custer-G  iles 

A09— Barneston-Oso-Smith  Creek 

A23— Custer-Lynden-Norma 

A36— Everett-Barneston-Indianola-Alderwood 

C36^Klaus-Ragnar 

D36r-Spanaway-Everett-F  itch 

G3(r-Nisqually-Giles-Tumwater 
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Purple.  Mountainous,  rolling  to  very  steep,  very  shallow  to  deep,  well 
drained  uplands  soils  on  bedrock. 

A04— Pickett-Rockland 
A 10-Rough  Mountainous 

A20— Rough  Mountainous  Lands-Crescent-Sandstone  Soil  Materials 
A21— Rough  Mountainous-McLeod-Marblemount 

A3 1— Rough  Mountainous  Land-Heisler-Thornwood  (Schist,  Argillite  and 
' Gneiss) 

A4 1— Fidalgo-Rockland 

A51— Rough  Mountainous-Wilkeson  Soil  Materials 
A61— Rough  Mountainous  Lands-Olympic  Soil  Materials 
A71— Rough  Mountainous  Lands-Melbourne  Soil  Materials 
A81— Rough  Mountainous  Lands-Tebo-Ahl 
A91— Discovery  Bay-Olele-Ahl 
E15— Pickett-Rockland-Roche 

\ 


56 


. : - - . 


am! 


Generalized  Soils  Map 


DM.  ASSOCIATION  NUMSfWS 


( 00(  WATSMMfO  SOUNOARY 


Figure  3. 


PUGIT  SOUND  AND  ADJACENT  WATERS 
STUDY  ARIA 


GENERAL  PROPERTIES  OF  SOILS 


PROPERTIES  OF  SOILS  BY  SOIL  SERIES 

The  soil  series  and  land  types  in  the  Puget  Sound  Area  are  listed 
alphabetically  in  the  first  column  of  Table  6.  The  second  column  indicates 
the  part  of  the  landscape  in  the  Puget  Sound  Area  that  each  series  or  land 
type  occupies.  The  third  and  fourth  columns,  respectively,  list  the  surface 
textures  and  the  water  intake  rates.  In  the  fifth  through  the  eighth  columns 
are  the  texture,  consistence,1  permeability,  and  the  reaction  of  the  subsoil. 
Also  listed  in  the  ninth  through  the  twelfth  columns  are  the  texture, 
consistence,  permeability,  and  reaction  of  the  substrata.  The  thirteenth 
column  gives  the  depth  of  root  penetration  and  the  last  column  shows  the 
water-holding  capacity  of  the  soil. 

The  properties  listed  in  this  table  are  the  basic  information  that  was  used  to 
make  interpretive  groupings  of  the  soils  in  the  Puget  Sound  Area. 

The  reader  is  referred  to  the  Glossary  for  explanations  of  the  soil  properties 
shown  on  this  table. 


1 Soil  consistence'.  Comprises  the  attributes  of  soil  materiel  that  are  expressed  by  the  degree  and  kind 
of  cohesion  and  adhesion,  or  by  the  resistance  to  deformation  or  rupture  (Soil  Conservation  Manual. 
USDA  Technical  Publication  No.  48). 
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Table  6.  Properties  of  soils  in  Puget  Sound  Area.  J/(con. 
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Table  6.  Properties  of  soils  in  Puget  Sound  Area.  J/  (con.) 


Water 

Holding 

Capa- 

city 

Depth 
of  Root 
Penet ra- 
ti on 

(inches) 

36.0- 
60.0 

10.0- 
16.0 

24.0- 

48.0 

Variable 

0.0- 

36.0 

Variable 

10.0- 

48.0 

Substrata 

React  ion 
pH 
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i 
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? “ 
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0.05 
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Table  6.  Properties  of  soils  in  Puget  Sound  Area.  U (con.) 
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Tabic  6.  Properties  of  soils  in  Puget  Sound  Area.  \!  (con.) 


Water 

Holding 

Capa- 

city 

( Inches) 

4. 0- 5.0 

8.0- 
10.0 

4. 8-6.  it 
5. 6-6.0 

2.4 

10.0- 

12.0 

Depth 
of  Root 
Penetra- 
tion 

( Inches) 
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20.0- 
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Table  6.  Properties  of  soils  In  Puget  Sound  Area.  J/  (con.) 


T«ble  6.  Properties  of  soils  in  Puget  Sound  Area.  J/  (con.) 


Water 
Holding 
Capa- 
c i ty 

( i nches) 

4. 4- 6.0 

3. 5- 50 

8. fl- 
it .0 

2 8-3.5 

4. 5- 6.0 
50-6.0 

Depth 
of  Root 
Penetra- 
t ion 

( inches) 

10.0- 

24.0 

24.0- 

36.0 

30.0- 

48.0 

36.0- 

60.0 

20.0- 

30.0 

36.0- 

60.0 

<0 

f0 

w 

tr 

x> 

3 

i/» 

c 

o 

u z 

*0  Q. 

V 

ac 

• 

• >- 
8 “ 

fi 

(in/hr) 

Less  than 
0.05 

0.05-0.2 
0.05-0.2 
Over  10.0 

Variable 

2.5-10.0 

5.0-10.0 
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firm, 
non- 
st  i cky 
and 
non- 
plastic 
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compact , 
strongly 
cemented 

Compact 

firm 
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Loose 
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0)  w ~ 
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schist  and 
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Gravel ly 
sandy  loam 
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silt 

Sands, 
gravels  and 
cobbles. 
Glacial 
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coarse  sand 

Coarse  sands, 
glacial 
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tA 

O 

X) 

3 

■ 
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* >■ 
g - 

u — 
0)  — 
a.  X) 

(in/hr) 

Less  than 
0.05 
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— 4) 
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c c 
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Table  6.  Properties  of  soils  in  Puget  Sound  Area.  J/  (con.) 


Table  6.  Properties  of  soils  in  Puget  Sound  Area.  W (con.) 


Table  6.  Properties  of  soils  in  Puget  Sound  Area.  J,/  (con.) 
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Table  6.  Properties  of  soils  in  Puget  Sound  Area.  _!/  (con.) 


Water 
Holding 
Capa- 
c i ty 

( i nches) 
4. 0-8. 4 

4. 4- 6. 4 
2. 8-3. 5 

3.5- 5- 7 

Depth 
of  Root 
Penetra- 
t ion 

( inches) 

20.0- 

36.0 

20.0- 

36.0 

20.0- 

30.0 

36.0- 

48.0 

Substrata 

React  ion 
pH 

O in  in  in 

LTN  VO  VO  VO 

1 III 

■4;  — — — 

4 vO  v£  vO 

Permea- 

bility 

c c 

_ <0  TJ  <N 

'Z  -c  -c  • O 
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-JO  _J  o o ™ 

Cons i s- 
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hard, 
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firm, 
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St  icky 
and 
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plastic 

Extre- 
mely 
hard , 
very 
sticky 
and 
very 
plastic 

Very 
hard , 
very 
strongly 
cemented 

Friable 

Textures 

and/or 

Parent  Material 

Clay. 

Stream 

alluvium 

Clay  loam  or 
clay  wi th 
imbedded 
stone  and 
cobbles . 
Glacial 
basal  till. 

Grave  1 ly 
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or  very 
grave  1 ly 
loamy  sands. 
Strongly 
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basal  till. 
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J / Unadjusted  measurements , 1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative  Soil  Survey  maps, 
£/  Benchmark  soil.  See  footnote  * at  end  of  Land  Capability  Unit  descriptions  for  definition. 


SUITABILITY  OF  SOILS  FOR  CROPLAND  USE 


Land  for  general  farming  is  subject  to  various  suitability  limitations  if  the 
land  resource  is  to  be  protected  from  deterioration.  To  define  these  limiting 
factors,  soils  have  been  grouped  into  (a)  capability  classes,  (b)  capability 
subclasses,  and  (c)  land  capability  units;  for  example,  Class  IV,  subclass  ew, 
unit  14.  Capability  classes  are  practical  groupings  based  on  the  severity  and 
kind  of  limitation,  and  the  response  of  the  soil  to  treatment.  Subclasses 
indicate  limitations  within  the  classes.  Soils  are  further  grouped  into 
capability  units  to  indicate  management  practices  and  safe  methods  of  land 
use. 


Lands  classified  for  the  purposes  described  were  measured  and  tabulated  by 
basin  and  watershed  and  the  information  obtained  is  shown  on  the  tables 
which  follow.  Acreages  given  are  the  result  of  map  measurements  and 
compare  favorably  with  totals  derived  by  USGS  for  the  Study  Area.  Since 
figures  have  not  been  factored,  slight  differences  may  be  noted  between 
these  and  other  measurements. 

In  the  Puget  Sound  Area,  there  are  3,367,704  acres  outside  national  forests 
and  national  parks  that  are  considered  to  have  potential  erosion  and 
sediment  production  hazards,  and  there  are  2,036,037  acres  having  some 
degree  of  wetness. 


DESCRIPTIONS  OF  GROUPINGS 


Capability  Classes 

Soils  are  grouped  broadly  into  eight  capability  classes  designated  by  the 
Roman  numerals  I through  VIII,  according  to  the  degree  of  severity  of  their 
permanent  limitations  but  without  considering  major  and  unlikely  reclama- 
tion or  land-forming  projects,  as  follows: 

Class  I.  Soils  in  Class  I have  few  or  no  limitations  or  hazards.  They  may  be 
used  safely  for  cultivated  crops,  pasture,  range,  woodland,  or  wildlife.  No 
land  has  been  tabulated  in  Class  I in  the  Puget  Sound  Area. 

Class  II.  Soils  in  Class  II  have  few  limitations  or  hazards.  Simple  conserva- 
tion practices  are  needed  when  these  soils  are  cultiveated.  They  are  suited  to 
cultivated  crops,  pasture,  range,  woodland,  or  wildlife. 

Class  III.  Soils  in  Class  III  have  more  limitations  and  hazards  than  those  in 
Class  II.  They  require  more  difficult  or  complex  conservation  practices  when 
cultivated.  They  are  suited  to  cultivated  crops,  pasture,  range,  woodland,  or 

wildlife. 


8*> 


Class  IV.  Soils  in  Class  IV  have  greater  limitations  and  hazards  than  Class  III 
soils.  Still  more  difficult  or  complex  measures  are  needed  wnen  these  soils 
are  cultivated.  They  are  suited  to  cultivated  crops,  pasture,  range,  woodland, 
or  wildlife. 

Class  V.  Soils  in  Class  V have  little  or  no  erosion  hazard  but  have  other 
limitations  that  prevent  normal  tillage  for  cultivated  crops.  They  are  suited 
to  pasture,  range,  woodland  or  wildlife. 

Class  VI.  Soils  in  Class  VI  have  severe  limitations  or  hazards  that  make  them 
generally  unsuited  for  cultivation.  They  are  suited  largely  to  pasture,  range, 
woodland  or  wildlife. 

Class  VII.  Soils  in  Class  VII  have  very  severe  limitations  or  hazards  that 
prevent  their  use  for  cultivated  crops,  pasture,  range,  or  woodland.  They 
may  be  used  for  recreation,  wildlife,  or  water  supply. 

Class  VIII.  Soils  and  land  forms  in  Class  VIII  have  limitations  and  hazards, 
that  prevent  their  use  for  cultivated  crops,  pasture,  range,  or  woodland.  They 
may  be  used  for  recreation,  wildlife,  or  water  supply. 

Interpretive  criteria  adopted  in  1967  allow  some  lands  classified  herein  as 
Capability  Class  VII  to  be  reclassified  as  Capability  Class  VI  lands,  provided 
they  are  in  woodland  sites  I,  II,  III,  or  IV  and  have  a depth  of  more  than  20 
inches  to  bedrock. 

The  number  of  acres  of  land  in  the  various  capability  classes  is  shown  for 
Puget  Sound  Area  basins  in  Table  7. 

Capability  Subclasses 

The  capability  subclasses  indicate  the  kinds  of  limitations  within  the  classes 
by  the  letters  e,  w,  s,  and  c following  the  Roman  numerals  to  designate 
conditions  of  erosion,  wetness  or  other  water  condition,  soils,  and  climate. 
The  dominant,  or  primary,  limitation  is  indicated  by  the  second  letter. 
Climatic  conditions  are  not  shown  in  this  report,  since  these  are  minor  and 
occur  primarily  in  mountain  valleys  and  meadows  outside  the  area  covered 
by  soil  survey  mapping. 

A summary  of  land  conditions  by  capability  subclass  in  basins  of  the  Puget 
Sound  Area  is  given  in  Table  8,  and  Table  9 gives  the  same  information  by 
watersheds. 

Capability  Units 

Land  used  for  general  farming  usually  is  subject  to  some  restrictions  due  to 
inherent  soil  conditions.  To  indicate  to  the  farmer  or  operator  of  the  land 
safe  methods  of  use,  the  soils  are  further  grouped  into  land  capability  units. 
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A land  capability  unit  is  a grouping  of  one  or  more  individual  soil  mapping 
units  having  similar  potentials  and  continuing  limitations  or  hazards.  The 
soils  in  a capability  unit  are  sufficiently  uniform  to  (a)  produce  similar  kinds 
of  cultivated  crops  and  pasture  plants  with  similar  management  practices, 
(b)  require  similar  conservation  treatment  and  management  under  the  same 
kind  and  condition  of  vegetative  cover,  and  (c)  have  comparable  potential 
productivity. 

The  capability  unit  condenses  and  simplifies  soils  information  for  planning 
individual  tracts  of  land,  field  by  field.  Capability  units,  with  the  class  and 
subclass,  furnish  information  about  the  degree  of  limitation,  kind  of 
conservation  problems,  and  management  practices  needed. 

A capability  unit  includes  those  soils  that  respond  in  like  manner  and  with  a 
minimum  of  soil  loss  to  a given  set  of  tillage  practices  and  series  of  crops. 
The  recommendations  for  the  capability  units  are  designed  to  insure  high 
production  under  continued  operation,  consistent  with  safe  use  of  the  land 
under  existing  conditions  of  climate,  soil,  and  topography. 

Capability  units  are  used  primarily  by  agricultural  planners  in  developing 
conservation  farm  and  ranch  plans. 

Land  capability  unit  descriptions  and  recommendations  for  their  manage- 
ment are  shown  on  page  1 18. 


Crop  Yields  by  Land  Capability  Units.— Crop  yields  for  representative  crops 
by  capability  units  are  estimated  at  two  levels  of  management.  The  yields  are 
based  on  field  experience  on  typical  soils  for  each  capability  unit,  extended, 
where  necessary,  by  judgment  factors.  These  crop  yields  are  shown  in  Table 
1 1 for  two  levels  of  production. 

Production  at  the  "A"  level  is  based  on  present  average  management.  The 
yields,  weighted  by  the  area  in  the  capability  unit,  closely  agree  with  the 
production  reported  by  the  1964  Census  of  Agriculture. 

Production  at  the  "B"  level  is  regarded  as  the  practical  potential,  using 
existing  technology.  At  the  present  time,  this  level  of  production  is  reached 
only  by  the  highest  management  represented  by  about  5 percent  of  the 
operators. 
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Table  7.  Acres  of  soils  by  capability  classes  in  Puget  Sound  Area,  J/ 
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Table  8.  Land  conditions  by  capability  subclasses,  Puget  Sound  Area 
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e - erosion;  w - water;  s - soil. 

_2/  Unclassified  land,  including  national  forest  and  national  park  land. 


Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds 
Nooksack-Sumas  Basins 

(in  acres)  -1/ 
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Total  19,876  47,144  18,993  7.554  4,970  9 98,546 
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Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
Nooksack-Sumas  Basins  (con.) 

(In  acres)  ^ 


Class •_ 

Watershed 

Map 

Number 

Stic 

lass 

e 

: e 

: w : s 

es 

we 

CLASS  V 

10-8 

1 14 

1 14 

0-2 

106 

106 

0-5 

9 

9 

0-9 

1 L 

II 

Total 

240 

240 

CLASS  VI 

10- 1 

945 

2,103 

1,451 

4,499 

10-2 

306 

632 

249 

1,187 

10-3 

236 

1,539 

1,716 

1,135 

117 

4,743 

10-4 

537 

67 

1,239 
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10-5 
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13 

481 

10-6 

293 

414 

707 

10-7 
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81 
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38 

10 

48 

11-2 
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36 

603 

11-3 

1.197 

349 

44 

1,590 

0-1 
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1,147 

0-2 
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92 

301 
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0-3 

96 
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128 
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0-4 
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23 

404 
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68 
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986 
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0-7 

2,358 
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0-8 

110 

2,168 

797 

14 
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iia_ 
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617 

Total 

1,337 

13,805 

9.320 

4,144 

366 

28,972 

CLASS  VI 1 

10-1 

49,921 

49,921 

10-2 

29,425 

29,425 

10-3 

78,958 

2 

78,960 

10-4 

54 

10,757 

10,81 1 

10-5 

65 

2,244 

2,309 

10-7 

227 

227 

1 1-  1 

4,856 

4,856 

1 1-2 

3.993 

3,993 

11-3 

29 

7,183 

7,212 

0-2 

484 

484 

0-6 

351 

1,102 

1,453 

0-7 

21,411 

21,411 

0-8 

11,625 

11.625 

0-9 

3.265 

3.265 

Total 

726 

225.224 

2 

225.952 

CLASS  VIII 

10- 1 

532 

532 

10-2 

204 

204 

10-3 

487 

487 

10-4 

591 

591 

10-5 

27 

27 

10-6 

6 

6 

10-7 

45 

45 

10-8 

2 

333 

335 

0-2 

401 

18 

419 

0-5 

41 

k\ 

0-6 

47 

47 

0-7 

87 

12 

99 

0-8 

114 

26 

140 

0-9 

40 

80 

120 

Total 

248 

443 

2,402 

3,093 

GRAND  TOTAL 

35.943 

73,604 

253.792 

11,762 

1 36,040 

5.336 

9 516.486 

1/  Unadjusted  measurements,  1966.  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 
Soil  Survey  maps. 

V Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment: 
e - erosion:  w - wetness;  s - soli. 
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Table  9,  Lend  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
Skaglt-Samlsh  Basins 

(In  acres)  V 
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S u b c I 


1/ 


Class 


9-1 

- S ! 

; — u — 

Jim  I 

27 

» — 

i m.  ; , m 

; -Mi  i 
1,513 



1 — Ul L 

'Qtai 

1,540 

9-2 

128 

128 

9-3 

10 

10 

9-4 

25 

55 

80 

9-5 
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350 

2.322 

2,672 
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7,735 

7.735 

9-9 

5.418 

5,418 

9-10 

8,202 

8,202 

0-10 

40 

1,496 

1,536 

0-14 

265 

19,814 

20,079 

Q-15 

27.333 

27.333 

Total 

862 

82.150 

83,012 

9-1 

796 

157 

3,633 

4.586 

9-2 

157 

28 

185 

9-3 

10 

301 

311 

9-4 

45 

195 

240 

9-5 

781 

30 

2.076 

2,887 

9-6 

3.043 

52 

4,027 

70 

7,192 

9-7 

2,295 

2.054 

4.349 

9-8 

18 

3,917 

3,935 

9-9 

176 

450 

1,870 

124 

2,620 

9-10 

332 

1,102 

2,835 

251 

4,520 

0-10 

123 

977 

59 

1,718 

2,877 

0-14 

1,285 

257 

578 

6,581 

6 

8,707 

0-15 

4 

3.246 

3.250 

Total 

8,554 

1,600 

2,416 

32,610 

479 

45,659 

9-1 

271 

133 

593 

217 

1,214 

9-2 

912 

40 

60 

1,012 

9-3 

20 

20 

9-4 

45 

5 

50 

9-5 

146 

10 

55 

60 

271 

9-6 

198 

892 

3,341 

625 

5,056 

9-7 

241 

67 

278 

1,347 

1.933 

9-8 

1,327 

6 

368 

1,701 

9-9 

11 

8,010 

1,601 

1.931 

343 

11.896 

9-10 

125 

6.797 

650 

1,359 

5 

8,936 

0-10 

449 

9,527 

27 

3.683 

175 

1,895 

15,756 

0-14 

535 

10,563 

1,410 

6,137 

3 

18,648 

0-15 

5 

1.955 

80 

4.577 

25 

6.642 

Total 

1.981 

40,183 

8,081 

20,384 

265 

2,241 

73,135 

0-10 

6 

6 

a=Ji 

U_ 

13 

Total  39  39 
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Table  9.  Lend  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
Skaglt-Samlsh  Basins  (con.) 

(In  acres)!/ 


Watershed 


S u b c I 


Class 


CLASS  VI 


CLASS  VII 


CLASS  VIII 


9-1 

9-2 

9-3 

9-4 

9-5 

9-6 

9-7 

9-8 

9-9 

9-10 

0-10 

0-14 


jm ; » 


AS 


AH 


1,826 

503 

530 

2,480 

5,566 

6,276 

2,853 

73 

165 

589 

1,141 

3,536 


2,087 


20 

'.153 

773 

112 

4,202 

1,646 

1.076 

3,285 


1,178 

721 

135 

305 

2,689 

3,576 

1.304 

7 

1.564 

1,224 

2,643 

1,324 


818 

135 

1,045 

2.595 

577 

1,069 

369 

95 

94 

15 

133 


171 

248 

240 

645 

798 

10 

63 

80 

899 

551 

405 


Class 

,-IatAi— 


3.993 

3.559 

800 

4,070 

11,515 

12,380 

6,009 

624 

6,106 

4,452 

5.426 

8,683 


(RAND  TOTAL 




Total 

LU— 

25.651 

it/- 

14,401 

438 

16,865 

7,094 

4,110 

20 

68,121 

9-1 

16,790 

162 

16,952 

9-2 

17,536 

17,536 

9-3 

16,362 

75 

16,437 

9-4 

9,642 

65 

9,707 

9-5 

780 

17,014 

100 

17,894 

9-6 

139 

34.779 

34,918 

9-7 

59,889 

33 

59.922 

9-8 

73 

242 

315 

9-9 

1.521 

19.918 

21,439 

9-10 

325 

280 

5.016 

5.621 

0-10 

98 

12,474 

12.572 

0-14 

640 

30,375 

31,015 

o-m 

372 

372 

Total 

1,105 

2.751 

240,409 

435 

244,700 

9-1 

448 

448 

9-2 

7 

7 

9-3 

115 

115 

9-4 

105 

105 

9-5 

1,018 

1,018 

9-6 

20 

395 

415 

9-7 

1,119 

1,119 

9-8 

5 

104 

109 

9-9 

98 

98 

9-10 

401 

401 

0-10 

237 

429 

45  0 

1,116 

0-14 

48 

75 

394 

517 

0-1^ 

400 

2.647 

_.  una 

Total 

717 

504 

7.294 

8,515 

38,870 

59,439  267,771 

150,006 

4,375  2,720 

523.181 

J/  Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 
Sol  I Survey  maps. 

JJ  Letters  for  subclasses  denote  heierds  or  conditions  that  affect  lend  use  and  treatment: 
e - erosion;  w - Matness;  a - soil. 
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Table  9.  Lend  conditions  by  cepebillty  classes  end  subclasses  by  watersheds  (con.) 
Stll  laguafntsh  Basin 

(In  acres)  1/ 


Watershed 

S u b c. 

lease 

s 2J 

Class 

e 

M 

1 % . 

as  i 

CUSS  II 

0-17 

5.081 

5,081 

0-16 

1.301 

1,301 

0-19 

125 

125 

0-20 

1,341 

1,341 

0-21 

10,419 

10,419 

0-22 

2.060 

2.060 

Total 

20,327 

20,327 

CUSS  III 

0-17 

3,790 

MO 

30 

3,261 

70 

7.261 

0-18 

981 

105 

35 

1,303 

2,424 

0-19 

683 

731 

704 

2,118 

0-20 

165 

545 

2.525 

720 

130 

4,085 

0-21 

140 

1.675 

50 

2,904 

4,769 

0-22 

1.525 

637 

2.162 

Total 

5.759 

4.691 

2,640 

9,529 

200 

22,819 

CUSS  IV 

0-17 

2,006 

1.352 

422 

125 

3,905 

0-18 

1.575 

3,490 

579 

5.644 

0-19 

995 

315 

124 

1,434 

0-20 

450 

5,295 

300 

715 

6,760 

0-21 

520 

9.083 

719 

10,322 

0-22 

• 10 

55 

2.347 

* Total 

5.556 

21,837 

300 

2.594 

125 

30,412 

CUSS  VI 

0-17 

7.948 

1.757 

2,654 

280 

1.360 

13,999 

0-18 

6,774 

3,220 

898 

20 

275 

11.187 

0-19 

1.850 

1,640 

216 

400 

4,106 

0-20 

2,551 

7.409 

1.550 

899 

12,409 

0-21 

5.422 

1,180 

935 

10 

1,327 

8,874 

0-22 

135 

335 

50 

5 

130 

655 

Total 

24,680 

15.541 

6,303 

315 

4.391 

51.230 

CUSS  VII 

0-17 

1,357 

56.121 

57.478 

0-18 

1,222 

25,716 

26,938 

0-19 

220 

18.692 

18,912 

0-20 

1.175 

23,009 

24,184 

0-21 

530 

2,494 

3,024 

0-22 

77 

265 

342 

Total 

3.406 

1,175 

126.297 

130.878 

CUSS  VIII 

0-17 

699 

699 

0-18 

705 

705 

0-19 

125 

125 

0-20 

10 

20 

30 

0-21 

606 

606 

0-22 

494 

494 

Total 

10 

2.649 

2.659 

CMND  TOTAL 

J9.6I1 

43,244 

135.540 

35.414 

4.516 

200 

258,325 

J/  Unadjusted  measurements , 1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 
Sol  I Survey  saps. 

U Utters  far  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment: 
e - erosion;  « - wetness;  s • soil. 
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Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
Vhldbey-Camano  Islands 

( In  acres)  U 


Watershed 

Sub 

c lasses 

l) 

Cl 

ass 

Hap 

e 

: w : s : 

ew 

as  we 

: ws  : 

se  : 

sw 

Total 

CLASS 

II 

0-16 

0-23 

0-24 

0-25 

1,711 

469 

886 

'■730 

118 

22 

5H 

1,829 

491 

1,397 

— '-4P — 

Total 

4,796 

651 

5.447 

CLASS 

III 

0-16 

0-23 

0-24 

0-25 

101 

24 

31 

3.541 

1.095 

454 

983 

3,642 

1,119 

485 

z-2^ 

Total 

156 

6.073 

T229 

cuss 

IV 

0-16 

0-23 

0-24 

n-?s 

968 

563 

10,946 

10,390 

12,383 

16.058 

514 

6 

200 

5 

2.970 

1,999 

1,886 

465 

2,310 

30 

335 

15.398 

15,040 

15,062 

jSa&a 

Total 

1.531 

49,777 

725 

7.320 

2,340 

335 

62,028 

CLASS 

VI 

0-16 

0-23 

0-24 

0-25 

10,483 
300 
6,744 
1 ,652 

4,417 

2.572 

2,035 

3.121 

1,673 

2,658 

1,764 

5.546 

121 

75 

241 

65 

844 

1,151 

565 

5.412 

17,538 

6,756 

11.349 

»S.7» 

Total 

19.179 

12.145 

11,641 

502 

7.972 

51,1*39 

cuss 

VII 

0-16 

0-23 

0-24 

0-25 

589 

1,026 

604 

1.197 

589 

1,026 

604 



Total 

3,1*16 

3,416 

CLASS 

VIII 

0-16 

0-23 

0-24 

0-25 

614 

53 

8 

654 

443 

461 

484 

208 

336 

944 

171 

1,476 

832 

1,413 

r-SSS 

Total 

675 

2,042 

57376 

GRAND 

TOTAL 

21,385 

64,120 

15,782 

20,350 

10,312 

986 

132,935 

j/  Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 

U Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment: 
e - erosion;  w - wetness;  s - soli. 
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Watershed 

Hep 


Lend  conditions  by  capability  classes  and  subclasses  by  watersheds  (con. 
Snohomish  Basin 

( In  acras)  \J 

Subclasses  £/ 


CLASS  III 


2,998 

3,073 

3.828 

35 

6,338 

62b 

651 

2.169 

25 

865 

130 

718 

277 

65 

1,202 

7,115 

1.815 

600 

65 

1,531 

150 

282 

567 

70 

1,068 

6,162 

10,670 

3,295 

1,878 

18,605 

6,752 

2,130 

1,056 

1,958 

360 

3.563 

• 358 

2,695 

2,636 

4.155 

666 

t.639 

2,616 

5,658 

1,525 

Table  9.  Lend  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
Snohomish  Basin  (con.) 

( In  acres)  J/ 


Class 


Watershed 

Hap 

S u b c 1 a s 5 

e : 

w 

s : 

ew  : es 

8-1 

725 

19,485 

8-2 

1,382 

8-3 

1 ,200 

8-4 

858 

8-5 

557 

8a 

147,556 

8b- 1 

1,205 

56.781 

8b-2 

65 

3^.319 

8b -4 

435 

7,016 

0-26 

4,002 

2=33 

565 

Class 

Total 


CLASS  VII 


CLASS  VIII 


Total 


8-1 
8-2 
8-3 
8-4 
8-5 
8a 
8b- 1 
8b-2 
8b-4 
0-26 
°-3  3 

Total 


273.721 


290 


305 


10 


209 

-Z2- 

289 


502 


20,210 
1,382 
1 ,200 
858 
557 
147,556 
58,488 
34,384 


,451 

,002 


5 02 

276,653 

410 

410 

43 

43 

no 

no 

693 

993 

43 

43 

1,699 

1.699 

1 .056 

1,056 

28 

28 

73 

73 

144 

368 

178 

248 

4,477 

5,071 

GRAND  TOTAL 


57,209  164,822  301,683  91,911  43,229  1,916  660,770 


±/  Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 
Soil  Survey  maps. 

XI  Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment: 
e - erosion:  w - wetness:  s - soil. 


102 


r 


| 

I 

Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 

Cedar  Basin 


( 1" 

acres) 

1/ 

Watershed 

S u b c 

I a s s e s 2/ 

Map 

Class 

Class 

Number 

e 

w 

: s 

ew 

es  we 

ws  : 

se 

sw  : 

Total 

CLASS  II 

0-27 

2,256 

2,256 

0-28 

2,612 

2,612 

0-29 

92 

92 

0-30 

6,997 

6,997 

OzU 

1 .908 

1.908 

Total 

13.815 

13,815 

CLASS  III 

0-27 

15 

227 

3,011 

75 

3,328 

0-28 

2,776 

1.233 

15 

9.029 

0-29 

512 

81 

593 

0-30 

15 

3,165 

2,069 

165 

5,919 

0-31 

979 

258 

737 

Total 

30 

7.159 

4,652 

255 

14,096 

CLASS  IV 

0-27 

35 

25,733 

970 

261 

135 

27,139 

0-28 

199 

39,829 

798 

918 

9,368 

91,057 

0-29 

2.619 

33 

60 

2,712 

0-30 

5,096 

37.999 

653 

1,021 

1,287 

165 

96,166 

0-31 

11.627 

16.535 

502 

396 

257 

29.317 

Total 

16,907 

117,705 

1,903 

3.338 

6,233 

300 

196.386 

CLASS  V 

0-27 

0-28 

86 

86 

0-29 

_ 

0-30 

992 

992 

0-31 

86 

86 

Total 

644 

SS5 

CLASS  VI 

0-27 

1,978 

3.261 

1,909 

5.623 

11.771 

0-28 

1,900 

6,906 

2,952 

206 

3.633 

19,597 

0-29 

139 

1,000 

713 

965 

2,317 

0-30 

3,919 

6,920 

3.133 

190 

9,986 

18,198 

0-31 

, 839_ 

1.025 

3.223 

867 

802 

6.756 

Total 

57275 

18,112 

10.930 

1 ,263 

15,009 

53,589 

CLASS  VII 

0-27 

200 

200 

0-28 

6,189 

6,189 

0-29 

56 

56 

0-30 

23,981 

23,981 

0-31 

9.993 

9.993 

Total 

40,4l( 

90,4l4 

CLASS  VIII 

0-27 

106 

106 

0-28 

121 

30 

139 

285 

0-29 

1 

97 

98 

0-30 

II 

88 

216 

315 

0-31 

95 

938 

983 

Total 

175 

165 

894 

1,237 

GUANO  TOTAL 

25,390  193,191  53,297 

26,626  21,292 

555  270.201 

J / 

Unadjusted  measurements , 1966,  for  Puget 

Sound  Area  Study,  baaed  on  National 

Cooperative 

Sol  1 Survey  maps. 

V 

Letters  for  subclasses  denote  hazards  or 

conditions  that  affect  land  use  and 

treatment : 

e - erosion;  w - wetness;  s - soil. 
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Table  9. 

Land  conditions  by 

capability  classes  and  subclasses  by  watersheds  (con. 
Green  Basin 

(In  acres)  ^ 

) 

Watershed 

Sub 

classes  V 

Class 

: ew 

es  : we 

MS 

: Total 

CLASS  II 

0-29 

114 

114 

0-34 

11,752 

11,752 

0-35 

10,695 

10.695 

0-36 

172 

172 

0-37 

2.475 

2.475 

Total 

25.208 

25,208 

CLASS  II 

0-29 

279 

127 

406 

0-34 

48 

1,006 

1,054 

0-35 

21 

395 

1 ,029 

1.445 

0-36 

228 

123 

351 

0-37 

15 

1.566 

3.839 

5.420 

Total 

591 

• ,96' 

6,124 

8,676 

CLASS  IV 

0-29 

6,220 

701 

6.921 

0-34 

8,064 

31,207 

1,076 

450 

306 

41,103 

0-35 

10,813 

479 

261 

274 

11 ,827 

0-36 

11,845 

80 

658 

12,583 

0-37 

9.932 

6.336 

3.664 

368 

452 

20.752 

Total 

17,996 

66,421 

5,219 

1,159 

2,391 

93.186 

CLASS  V 

0-34 

97 

97 

0-35 

89 

89 

0-37 

44 

44 

Total 

230 

230 

CLASS  VI 

0-29 

183 

276 

24 

956 

1.439 

0-34 

4,499 

2,524 

1,789 

485 

3,538 

12.835 

0-35 

319 

379 

323 

575 

435 

2,031 

0-36 

364 

1.239 

45 

595 

2.243 

0-37 

222 

356 

1.430 

97 

932 

3.037 

Total 

5,587 

4.774 

3,611 

1,157 

6,4*56 

21,585 

CLASS  VII 

0-29 

1 .065 

1 ,065 

0-34 

3.415 

3.415 

0-35 

2.960 

2,960 

0-36 

1,184 

1 .184 

0-37 

49.976 

49.976 

Total 

58,600 

58,600 

CLASS  VIII 

0-29 

43 

64 

107 

0-34 

77 

12 

363 

452 

0-35 

25 

15 

274 

314 

0-36 

17 

17 

0-37 

186 

138 

324 

Total 

288 

87 

839 

1,214 

GRAND  TOTAL 

23,871 

71 ,873 

67.430  1,961 

34,717 

8.847 

208.699 

J/  Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  bated  on  National  Cooperative 
Soil  Survey  maps. 

2/  Letters  for  tubclestes  denote  hezerdt  or  conditions  that  affect  lend  use  end  treetment: 
e - erosion;  w - wetness;  s - toll. 
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Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
Puyallup  Basin 

(in  acres)  i/ 


Class  : 

Watershed 

Hap 

Number 

S u 

betas 

s e s 

V 

Class 

Total 

e 

w s 

ew 

es 

we 

ws 

se 

SW 

CLASS  (1 

7-1 

6,382 

6,382 

7-7 

1,402 

1,402 

7-3 

10.352 

10,352 

7-4 

284 

284 

0-38 

1 ,668 

1,668 

0-39 

2.394 

2.394 

0-40 

4,441 

4.441 

Total 

26.923 

26,923 

CLASS  Ilf 

7-1 

33 

3,203 

13,917 

17,153 

7-2 

200 

200 

7-3 

780 

7,848 

2.449 

1 1 .077 

7-4 

100 

227 

2.875 

3.202 

0-38 

502 

334 

158 

994 

0-39 

444 

2k 

468 

0-40 

762 

5.359 

619 

6.740 

Total 

2,177 

17.515 

20,242 

39,834 

CLASS  IV 

7-1 

1 ,049 

12.428 

35 

1,549 

415 

15.476 

7-2 

1,539 

4,286 

306 

689 

6,820 

7-3 

407 

15,630 

4,070 

2.902 

23.009 

7-4 

211 

2.984 

222 

510 

3,927 

0-38 

1 

8,998 

714 

223 

9.936 

0-39 

1.050 

921 

1,971 

0-40 

46.313 

19.11° 

1 .614 

215 

67.252 

Total 

49.520 

247566 

35 

9.396 

4.954 

128,391 

CLASS  V 

7-1 

219 

219 

Total 

219 

219 

CLASS  VI 

7-1 

4.749 

3.891 

599 

2,880 

3.647 

15.766 

7-2 

65 

1 ,800 

5,977 

393 

2.198 

10,433 

7-3 

8,986 

2.306 

6.936 

1,796 

7.328 

27.354 

7-4 

650 

2.248 

3.373 

150 

2.955 

9.376 

0-38 

291 

398 

300 

1 2 

597 

1,598 

0-39 

209 

54 

115 

378 

0-40 

9.661 

2.592 

4.806 

16 

7.024 

24.099 

Total 

2*4,402 

13,446 

22*045 

5,247 

23,864 

&9.004 

CLASS  VII 

7-1 

65.342 

396 

65,738 

7-2 

22,641 

402 

23.043 

7-3 

43.504 

410 

43.914 

7-4 

21 .854 

60 

21.914 

0-38 

1.508 

1 ,508 

0-39 

516 

516 

0-40 

6.296 

45 

6.343 

Total 

161 ,6b3 

1.313 

162.976 

CLASS  VIM 

7-1 

68 

2,640 

2,708 

7-2 

33 

574 

607 

7-3 

150 

996 

1,146 

7-4 

175 

10 

185 

0-38 

240 

5 

51 

296 

0-39 

348 

332 

680 

0-40 

997 

109 

134 

1.240 

Total 

2,011 

lit 

4,737 

6 *$62 

GRAND  TOTAL 

75.933 

80.223 

183,743 

17,415 

68.077 

28,818 

454.209 

% 

J J Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  Nat  Iona  I Cooperative 
Soil  Survey  maps. 

2/  Letters  for  subclasses  denote  hasards  or  conditions  that  affect  land  use  and  treatment: 
e - erosion:  w - wetness;  s - soil, 
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Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 
N I squally  basin 

(In  acres)  J/ 


Class 

Watershed 

Hep 

Number 

S u 

betas 

77T~T 

Class 

Total 

: a 

: w : s 

-L  _ 

as 

wa 

WS 

SC 

SM 

CLASS  II 

0-41 

1.898 

1 .898 

0-42 

1,108 

1,108 

0-4} 

302 

302 

0-44 

180 

180 

0-45 

52* 

2.327 

2.923 

Total 

594 

5.Sl$ 

rfn 

CLASS  III 

0-41 

149 

16,590 

1 .821 

18,560 

0-42 

8 

14,698 

970 

15.676 

0-43 

3.232 

651 

3.883 

0-44 

585 

21 

606 

0-45 

1.059 

676 

40 

?8 

10.816 

12.629 

Total 

1 ,059 

8*3 

40 

35,143 

14.279 

51,354 

CLASS  IV 

0-41 

23.955 

3. 351* 

2.696 

654 

30.659 

0-42 

82 

863 

1.651 

348 

2,944 

0-43 

65 

4,124 

343 

5 

4,537 

0-44 

5 

7.797 

227 

8,029 

0-45 

16.023 

14.159 

1.848 

3.821 

923 

847 

37.621 

Total 

40,130 

30.297 

1,448 

61738 

1,930 

547 

63.790 

CLASS  VI 

0-41 

5.549 

254 

1.539 

34 

10,532 

17.908 

0-42 

1.871 

1.928 

542 

743 

2,580 

7.664 

0-43 

482 

1.364 

834 

1,043 

3,723 

0-44 

404 

3.065 

180 

90 

940 

4,679 

0-45 

12.896 

5.533 

2.176 

9.329 

32.606 

Total 

21,202 

9.285" 

8,628 

3.043 

24,424 

46,560 

CUSS  VII 

0-41 

1.507 

1.507 

0-42 

6.331 

6.331 

0-43 

15.145 

10 

15.155 

0-44 

40,687 

2 

40,689 

0-45 

1.649 

88.483 

360 

90.492 

Total 

rr&l 

1527153 

372 

154,174 

cuss  viii 

0-42 

83 

83 

0-43 

4 

4 

0-44 

17 

17 

0-45 

1.132 

1.132 

Total 

1,236 

1,236 

GAANO  TOTAL 

64,636 

40,413 

162,669 

35,163 

33.483 

26,354 

847 

363.545 

\/  Unadjusted  measurements,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 
Soil  Survey  maps. 

2/  Letters  for  subclasses  denote  haiards  or  conditions  that  affect  lend  use  and  treatment: 
e - erosion;  M - wetness;  s - soil. 
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Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 

Deschutes  Basin 

(In  acres)  1/ 


Class 

Hap 

Number 

e 

w S 

ew 

as  we  ws 

se 

SW 

Class 

Total 

CLASS  II 

0-46 

3,098 

3.098 

0-47 

3.172 

3.172 

0-48 

1.093 

1.093 

Total 

7.363 

7,36? 

CLASS  III 

0-46 

2.996 

15 

2,991 

6,002 

0-47 

2,978 

6.588 

9.566 

0-48 

1.154 

40 

1.338 

60 

2.592 

Total 

7.128 

55 

10,917 

60 

l6, 160 

CLASS  IV 

0-46 

14,352 

2,816 

1.773 

1.539 

1.632 

949 

23.061 

0-47 

9.568 

8,082 

2,926 

854 

2,162 

1,612 

25.204 

0-48 

640 

3.029 

1.053 

398 

244 

896 

6.260 

Total 

24,560 

13.927 

5.752 

2.791 

4,038 

3.457 

54,525 

CLASS  VI 

0-46 

4,609 

591 

5.708 

3.390 

14,298 

0-47 

7.386 

2,170 

5.614 

7,155 

22,325 

0-48 

1.826 

824 

3.022 

2.124 

7.796 

Total 

iOti 

3,585 

|6,3W* 

12.669 

44,419 

CLASS  VII 

0-46 

938 

63 

35.228 

36.229 

0-47 

616 

826 

1,442 

0-48 

316 

4.109 

4.425 

Total 

935 

995 

40,163 

42,096 

CLASS  VIII 

0-46 

> 

130 

130 

0-47 

310 

485 

795 

0-48 

40 

5° 

90 

Total 

350 

5« 

1 ,015 

GRAND  TOTAL 

46.797 

18,507  60.314 

21,736 

16.707  3.517 

167.578 

1/ 

V 

Unadjusted  measurements,  1966, 
Soil  Survey  maps. 

Letters  for  subclasses  denote 

, for  Puget 
hazards  or 

Sound  Area  Study,  based 
conditions  that  affect 

on  National 
land  use  and 

Cooperat ive 
treatment: 

e - erosion;  w - wetness;  s - soli. 


Ttble  9. 

Land  conditions  by  capability  classes  end  subclasses  by  watersheds  (c on.) 
West  Sound  Basins 

(in  acres)  1/ 

Watershed 

£7 

Class 

Number 

e 

w : 

s 

ew  ; es  : we 

ws  se 

sw 

Total 

CLASS  II 

0-1*9 

947 

947 

0-50 

681 

681 

0-52 

55 

55 

0-53 

66 

66 

0-51* 

932 

932 

0-55 

2.522 

2,522 

0-55 

4.352 

4,352 

0-57 

413 

413 

0-58 

700 

700 

0-59 

89 

89 

0-60 

488 

488 

0-62 

611 

611 

0-66 

115 

115 

0-67 

390 

18 

408 

0-68 

129 

129 

0-69 

315 

315 

0-70 

1,113 

l,H3 

0-71 

940 

31 

971 

0-72 

1.762 

1,120 

2,882 

0-73 

1.584 

451 

2.035 

0-75 

134 

45 

179 

0-76 

147 

147 

Total 

I&.485 

r^?5 

20,150 

CLASS  III  0-49 

830 

2,191 

3,133 

717 

6,871 

0-50 

459 

785 

60 

1,304 

0-51 

196 

65 

261 

0-52 

322 

257 

579 

0-53 

246 

246 

0-54 

1,280 

355 

1.635 

0-55 

2,570 

1,961 

4,531 

0-56 

172 

172 

0-57 

no 

no 

0-58 

25 

25 

0-59 

2,837 

1.031 

3.868 

0-60 

926 

890 

1 ,816 

0-62 

2,471 

1,919 

2,050 

6,440 

0-63 

220 

89 

309 

0-66 

15 

15 

0-67 

406 

406 

0-68 

12,335 

1,230 

13.565 

0-69 

12,537 

3,766 

16.303 

0-70 

20,276 

2,869 

23,145 

0-71 

261 

1,038 

1.299 

0-72 

2,623 

479 

2.(49 

5.251 

0-73 

295 

81 

1,115 

1.491 

0-75 

8,756 

173 

8.929 

0-76  

5.253 

1.402 

6.655 

Total 

533 

>‘,099 

3,471 

2,437 

28,257 

I,l32 

105.22i 

106 


Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 

West  Sound  Basins  (con.) 

(in  acres) 


Clas» 

Watershed 

Map 

Number 

S u 

b c 1 a s 

~rmr~ 

Class 

Total 

e 

w s 

ew 

es 

we  ws 

se 

sw 

CLASS  IV 

0-1*9 

258 

7,142 

6,864 

10  425 

179 

802 

15,680 

0-50 

30 

4.312 

4,195 

207 

105 

8.849 

0-51 

2,140 

712 

10 

2,862 

0-52 

2,177 

522 

2,699 

0-53 

1 

3.131 

328 

253 

325 

4,038 

0-59 

79 

1,094 

11,421 

983 

13.577 

0-55 

297 

54,323 

495 

992 

1 ,026 

57,133 

0-56 

63 

2,113 

1 ,644 

450 

4,270 

0-57 

221 

125 

57 

403 

0-58 

50 

7 

485 

129 

5 

676 

0-59 

45 

12,232 

142 

145 

12,564 

0-60 

II.M9 

335 

235 

1 ,090 

12,779 

0-62 

6 

22,300 

553 

3,544 

26,403 

0-63 

15,758 

30 

335 

16,123 

0-66 

25 

25 

0-67 

20 

23 

95 

138 

0-68 

5 

10,805 

8 ' 

134 

55 

1 1 ,007 

0-69 

205 

16,818 

90 

1 .392 

18,505 

0-70 

1,134 

13,953 

222 

2,221 

17.530 

0-71 

1.776 

615 

16 

1.985 

4.392 

0-72 

193 

13,863 

63 

2,203 

557 

25.877 

42,756 

0-73 

58 

2.709 

857 

4,637 

8,261 

0-75 

480 

298 

122 

900 

0-76 

257 

35 

655 

947 

Total 

3.382 

198.150 

25.947 

10  13,465 

7,932 

33.631 

282,517 

CLASS  V 

0-63 

1 1 

1 1 

0-67 

5 

5 

0-72 

122 

122 

Total 

tjs 

138 

CLASS  VI 

0-49 

1,103 

3.451 

3.420 

60 

2,411 

10,445 

0-50 

580 

716 

2.591 

1,965 

5,852 

0-51 

742 

135 

775 

1 ,652 

0-52 

219 

355 

215 

789 

0-53 

1,130 

252 

7,416 

8.798 

0-54 

11,300 

5,165 

175 

3.233 

19.873 

0-55 

8,461 

5.600 

4,105 

42 

16,545 

34,753 

0-56 

1,895 

129 

2.870 

500 

948 

6,342 

0-57 

715 

6,320 

175 

1,075 

8,285 

0-58 

1,325 

13,158 

185 

1 ,461 

16,129 

0-59 

1,855 

1,332 

1.083 

479 

3.272 

8,021 

0-60 

3.214 

1 ,002 

5,152 

82 

4,324 

13.774 

0-62 

15.305 

5.605 

6,953 

14,498 

42,361 

0-63 

145 

773 

87 

465 

1 .470 

0-66 

340 

1,260 

45 

1 ,645 

0-67 

506 

7 

9.482 

49 

10, 041* 

0-68 

1,971 

2.793 

7,574 

234 

9,299 

21 ,871 

0-69 

10,468 

11,486 

4,871 

8,737 

35.562 

0-70 

23.161 

9,940 

5.548 

9.573 

48,222 

0-71 

752 

3.299 

6.354 

10,405 

0-72 

6,676 

18,899 

17,639 

4.271 

47.485 

0-73 

1.859 

5,192 

2,000 

186 

9,237 

0-75 

140 

580 

205 

25 

950 

0-76 

40 

223 

263 

Total 

93.683 

}l.i*96 

113,743 

1.932 

83.372 

364,228 

Table  9. 

Land  conditions  by  capability  classes 
West  Sound  Basins 

(In  acres)  — ^ 

and  subclasses  by  watersheds 
(con.) 

(con . ) 

Watershed 

Sub 

c 1 a s 

s e s V 

Class 

Number 

e w 

s 

ew 

es 

we  ws 

se 

sw 

Total 

CLASS  VI 1 

0-49 

64 

20,239 

20,303 

0-50 

5,156 

5,156 

0-51 

252 

252 

0-52 

95 

95 

0-53 

388 

388 

0-54 

2.359 

2,359 

0-55 

1.577 

1 ,206 

2.783 

0-56 

820 

7.592 

142 

8.554 

0-57 

7.4S7 

40 

7,497 

0-58 

11,078 

11,078 

0-59 

878 

2,691 

3,569 

0-60 

90 

3.333 

3,423 

0-62 

3.720 

3,720 

0-63 

5.017 

5,017 

0-66 

6.825 

6.825 

0-67 

3.458 

4.257 

7,715 

0-68 

1,824 

5,135 

6,959 

0-69 

5.123 

5,123 

0-70 

3,125 

3.125 

0-71 

1,637 

3,272 

4,909 

0-72 

4.273 

6,266 

10,539 

0-73 

975 

289 

1 ,264 

0-75 

360 

3,160 

3,520 

0-76 

3.006 

4.097 

7.103 

Total 

18,962 

112.132 

182 

131,276 

CLASS  VIII 

0-49 

5 

50 

55 

0-50 

60 

60 

0-51 

5 

5 

0-53 

2 

4o 

19 

61 

0-54 

98 

27 

125 

0-55 

46 

110 

723 

879 

0-56 

13 

721 

734 

0-57 

35 

35 

0-58 

40 

25 

115 

(80 

0-59 

1 

25 

162 

188 

0-60 

50 

22 

487 

559 

0-62 

145 

140 

285 

0-63 

143 

25 

168 

0-66 

69 

69 

0-67 

22 

132 

154 

0-68 

26 

284 

310 

0-69 

85 

445 

530 

0-70 

861 

1,124 

1,985 

0-71 

II 

142 

707 

187 

1.047 

0-72 

474 

1.335 

1.324 

1 ,094 

4,227 

0-73 

9 

29 

38 

0-75 

68 

26 

94 

0-76 

75 

'17 

IJ2 

Total 

509~ 

3.156 

2.031 

5,982 

11.960 

GRAND  TOTAL  96,704  362,867  257.324  2,447  66,441  91,304  36,428  915,515 


J/  Unadjusted  measurement*,  1966,  for  Puget  Sound  Area  Study,  based  on  National  Cooperative 
Soil  Survey  map*. 

2/  Latter*  for  *ubcla**e»  denote  hazard*  or  condition*  that  affect  land  ute-and  treatment: 
a • erosion;  w • wetness;  * - »oll. 


110 


mmm* 


treatment: 


CLASS  III 


CLASS  IV 


CLASS  VI 


CLASS  VII 


CLASS  VIII 


GRAND  TOTAL 


1/  Unadjusted  >«isurmanti,  1966,  for  Puget  Sound  Araa  Study,  based  on  National  Cooperative 
Sol  I Survey  me pi . 

V Letters  for  lube  let iei  denote  hatardt  or  condition!  that  affect  land  uta  and  treatment: 
e • erosion;  w • wetness ; s - toll. 
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Table  9.  Land  conditions  by  capability  classes  and  subclasses  by  watersheds  (con.) 

San  Juan  Islands 

(In  acres) 


Class 

Watershed 

Map 

Number 

S u 

betas 

TTTF 

Class 

Total 

e 

w s 

ew 

es 

we 

ws 

se 

sw 

CLASS  II 

o-n 

278 

278 

0-12 

734 

734 

0-13 

272 

272 

Total 

1, 284 

1 ,284 

CLASS  III 

0-1 1 

lie 

2,411 

1,937 

2,245 

6,703 

0-12 

i.097 

1.053 

5,185 

2,663 

9,998 

0-13 

569 

1.131 

3.697 

3.569 

8.966 

Total 

1.776 

4,595 

10,819 

5.477 

25.667 

CLASS  IV 

0-M 

2,628 

999 

551 

99 

4,277 

0-12 

3,744 

20 

453 

406 

2,485 

7,108 

0-13 

■ '.302 

873 

45 

1.286 

3.506 

Total 

7,674 

20 

2.325 

1 ,002 

3.870 

14,591 

CLASS  VI 

0-1 1 

2,386 

2,034 

18,684 

19 

300 

23,423 

0-12 

990 

2,252 

10,055 

40 

830 

14,167 

0-13 

,'■373 

1.920 

4.385 

20 

937 

8.635 

Total 

4,749 

6,206 

33, m 

79 

2,067 

46,225 

CLAS$  VII 

0-11 

11.316 

11,316 

0-12 

6,717 

6,717 

0-13 

4.123 

4.123 

Total 

22,156 

22,156 

CLASS  VIII 

0-11 

340 

6 

346 

0-12 

259 

90 

30 

379 

0-13 

All. 

26 

185 

625 

Total 

1,013 

116 

221 

1,350 

GRAND  TOTAL 

* 

4.71.9 

16,669 

55,416 

4,595 

14,728 

3,069 

12,347 

IM.573 

JL/  Unadjusted  measurements,  19^6.  for  Pu get  Sound  Area  Study,  based  on  National  Cooperative 
Soil  Survey  maps. 

2/  Letters  for  subclasses  denote  hazards  or  conditions  that  affect  land  use  and  treatment: 
e - erosion;  w - wetness;  s - soil. 


Table  10.  Land  capability  units  in  Puget  Sound  Area 
(acres)  JJ 


• Wttk 


Table  10,  Land  capability  units  in  Puget  Sound  Area 
(acres)  W 
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Land  Capability  UniL  Descriptions  1/ 

Land  Capability  Unit  I |ws02  ( I |w1 ) consists  of  deep,  medium,  and  moderately  fine  textured,  slowly  and  moderately  slowly 
permeable  soils  on  bottom  lands  and  river  flood  plains. 

Management  problems  are  wetness  and  maintenance  of  soil  productivity.  Flood  prevention  and  Improved  land  drainage  make 
these  soils  well  suited  for  growing  hay  and  pasture,  row  crops,  vegetables,  forage,  and  small  grains.  The  soils  are 
suited  for  continuous  cropping  with  the  use  of  winter  cover  crops  and  green  manures.  Also,  they  are  suited  for  growing 
hay  and  pasture  3 to  4 years,  followed  by  strawberries  3 to  4 years;  or  hay  and  pasture  5 to  10  years,  with  row  crops 
1 to  2 years.  Such  areas,  protected  to  reduce  flood  damage  to  a minimum,  and  provided  with  adequate  drainage,  will 
produce  high  crop  yields  under  a high  level  of  management.  Moderate  water  intake  rates  and  water-holding  capacities 
make  these  soils  well  suited  for  supplemental  Irrigation.  Some  crop  yields  are  materially  Increased  by  Irrigation  dur- 
ing periods  of  low  prec ipi tat  ion  that  might  otherwise  Interrupt  gruwth. 


% 

A0P 

% A0P 

% A0P 

Mappinq  Unit 

Slope 

Code 

Mapp i ng  Unit 

Slope  Code 

Mappinq  Unit 

Slope  Code 

Puyaljup  sicl* 

0-3 

22302 

Sultan  fsl 

0-3  22302 

Sumas  sil,  shallow 

0-3  22302 

Sultan  sil 

0-3 

" 

Sumas  s i 1 

0-3  • " 

Sumas  sicl 

0-3 

Sultan  s i 1 
Sultan  cl 

3-8 

0-3 

H 

Sumas  sil,  deep 

0-3 

Sumas  fsl 

0-3 

Land  Capability  Unit  1 1 *03  (Ilw2)  consists  of  deep,  well  and  moderately  well  drained,  moderately  coarse,  and  medium 
textured  soils  on  qentiy  sloping  river  flood  plains. 

Manaoement  problems  are  wetness  by  overbank  flow  flooding  and  maintenance  of  soil  productivity.  The  soils  are  well 
suited  for  qrowlng  row  crops,  vegetables,  vegetable  seeds,  strawberr les , small  grains,  hay,  and  pasture.  High  yields 
can  be  maintained  under  an  intensive  conservation  management  program.  Productivity  of  the  soils  and  soil  structure 
can  b*>  "maintained  under  continuous  cropping  with  the  use  of  complete  commercial  fertilizers,  winter  cover  crops,  and 
green  manures.  Also,  they  can  be  maintained  by  growing  hay  and  pasture  3 to  4 years,  followed  by  strawberries  3 to  4 
years,  or  hay  and  pasture  b to  10  years,  folio-wed  by  row  crops  1 to  2 years,  with  winter  cover  crops  between  consecu- 
tive years  of  row  crops.  Any  combination  of  the  conservation  measures  outlined  above  is  designed  to  protect  the  soil 
against  deterioration  and  to  provide  average  to  high  yields.  Crops  respond  well  to  supplemental  irrigation  during 
periods  of  low  precipitation  that  might  otherwise  interrupt  their  growth  cycle.  The  water  Intake  rates  are  moderate 


and  water-Mold ing 

caoac i t ies 

are  high. 
A0P 

% 

ADP 

% 

ADP 

Mapo inq  Unit 

Slope 

Code 

Mappinq  Unit 

Slop. 

Code 

Mappinq  Unit 

Slope 

Code 

Be  1 fast  s I 1 

0-3 

22303 

Newberg  sil 

0-3 

22303 

Puyal lup  si  1 

3-8 

22303 

Camas  cl 

0-3 

Nooksack  sil* 

0-3 

" 

Puyal lup  vfsl 

0-3 

ii 

0unne«e«s  1 

0-3 

•i 

Nooksack  fsl 

0-3 

" 

Puyal lup  fsl 

0-3 

" 

Bungeness  sil 

0-3 

it 

Puyallup  1 

0-3 

Sultan  1 

0-3 

11 

Dungeness  fsl 
Edgewick  s 1 1 

0-3 

0-3 

M 

II 

Puyal lup  sil 

0-3 

Sultan  sil 

0-3 

•i 

Land  Capability  Unit  It  s04  (Ilw3)  consists  of  deep,  medium  and  moderately  fine  textured  soils,  with  slowly  and  moder- 
ately slowly  permeable,  tine  textured  subsoils.  The  soils  occur  on  gently  sloping  alluvial  flood  plains  and  low 
terraces. 


Management  problems  are  wetness  and  maintenance  of  soil  productivity.  Flood  prevention  and  improved  land  drainage  are 
essential  for  growing  row  crops,  vegetables,  forage,  small  grains,  hay,  and  pasture.  These  soils  are  suited  for  con- 
tinuous cropping  with  the  use  of  complete  commercial  fertilizers,  winter  cover  crops,  and  green  manures;  also,  they 
are  suited  for  growing  hay  and  pasture  3 to  4 years,  with  strawberries  3 to  4 years;  or  hay  and  pasture  b to  10  yeers, 
followed  by  rr*  crops  1 to  2 years,  with  winter  cover  crops  between  successive  years  of  row  crops.  High  crop  yields 
are  produced  under  a hioh  level  of  conservation  management  on  areas  provided  with  drainage  required  by  specific  crops, 
with  p^otnc ♦ ’ on  against  finding  and  sediment  damages.  Crops  respond  well  to  careful  supplemental  Irrigation  during 
periods  of  low  prec ip i t^t Ion.  Over irr Igat Ion  may  aggravate  the  drainage  problem  and  cause  reduction  of  crop  yields, 
particularly  for  those  tops  which  require  good  drainage  to  depths  of  20  inches  or  more. 


X 

ADP 

r 

ADP 

X 

A0P 

Mappinq  Un i * 

Slope 

Code 

Mappinq  Unit 

Slop. 

Code 

Mappinq  Unit 

Slop. 

Code 

Chehal is  1 

0-3 

22304 

May  town  1 

0-3 

22304 

Samish  sil 

0-3 

22304 

Chehal is  sil.  mott led 

0-3 

m 

Nookachamps  sicl 

0-3 

ii 

Shuwah  sicl 

0-3 

it 

Chehal Is  sicl.  " 

0-3 

•i 

Nookachamps  s 1 1 

0-3 

ii 

Skokomlsh  sil 

0-3 

ii 

Cokedale  s 1 1 /Puyal lup 

0-3 

ii 

Puget  sicl* 

0-3 

ii 

Snohomish  sicl 

0-3 

n 

Cokedale  sil 

0-3 

ii 

Puget  cl 

0-3 

•i 

Snohomish  1 

o-; 

ii 

Cokedale  1 

0-3 

ii 

Puget  1 

0-3 

ii 

Snohomish  sil 

0-3 

ii 

Lumm  I s 1 1 

0-3 

ii 

Puget  sil 

0-3 

it 

Snohomish  fsl 

0-3 

ii 

Lumnl  fsl 

0-3 

ii 

Puget  fsl 

0-3 

•i 

Snohomish  Ifs 

0-3 

•i 

May town  sil 

0-3 

ii 

Puget  vfsl 

0-3 

n 

Snohomish  sic 

0-3 

ii 

May town  sicl 

0-3 

ii 

Semlsh  sicl 

0-3 

ii 

Land  Capability  Unit  Ilws06  ( I |w4)  consists  of  deep,  very  poorly  drained  organic  soils  formed  from  sedges,  woody  and 
other  orr »- ir  -aterials  in  closed  basins  of  bottom  lands  and  uplands. 


Organic  soils  have  continuing  wetness  and  soli  management  problems.  Where  drained,  the  soils  settle  about  1 Inch  per 
year.  Generally,  drained  and  fertilized  organic  soils  ere  highly  productive  end  well  suited  for  growing  hey  end  pas- 
ture, row  crops,  vegetables,  and  forage  crops.  These  organic  soils  ere  well  suited  for  Irrigation.  Their  water  Intake 
rates  are  moderate  and  their  water-holding  capacities  are  high. 


Mappinq  Unit 

% 

Slop. 

ADP 

Code 

Hwoloa  Unit 

X 

Slop. 

ADP 

Cod* 

Hmlna  Unit 

X 

Slop. 

ADP 

Cod. 

Carbondale  muck 

0-3 

22306 

Me Murray  peat 

0-3 

22306 

Semlahmoo  muck* 

0-3 

22308 

Mukllteo  peat 

0-3 

ii 

Rifle  peat 

0-3 

ii 
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Land  Capability  Unit  Ilws09  (MwS)  consists  of  medium  and  moderately  coarse  textured  somewhat  poorly  drained  soils  with 
slowly  permeable  subsoils  occurring  on  gently  sloping  terraces. 

Management  problems  in  the  use  of  this  group  are  primarily,  wetness,  and  secondarily,  soils.  Improved  land  drainage 
provides  an  environment  suited  for  growing  grasses  and  legumes  for  hay  and  pasture,  silage,  small  grains,  vegetables, 
hops,  and  cane  berries.  These  soils  are  suited  for  continuous  cropping,  with  the  use  of  winter  cover  crops  and  green 
manure.  They  are  also  suited  for  growing  hay  and  pasture  5 to  10  years,  followed  by  row  crops  I to  2 years,  with 
winter  cover  crops  between  successive  years  of  row  crops;  or  hay  and  pasture  5 to  10  years  followed  by  cane  fruits 
with  annual  cover  crops  7 to  10  years.  Crop  yields  are  moderate  to  high  under  a high  level  of  management.  The  soils 
are  well  suited  for  sprinkler  Irrigation,  and  irrigation  during  the  dry  summer  season  materially  increases  crop 


yields. 

ADP 

% 

ADP 

% 

ADP 

Mappinq  Unit 

Slope  Code 

Mappinq  Unit  Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Or  ting  | 

0-3  22309 

Or  ting  si  0-3 

22309 

Sultan  si  1 , 

sha  How/Buck  ley 

0-3 

22309 

La-  1 Cap.'b  i 1 i ty  Unit 

1 Iws 1 2 (11*6) 

consists  of  gently  sloping  upland 

terraces 

which  have  a problem  of  wetness 

due  to 

ponding.  They  have  silt  loam  surfaces  and  sandy  loam  subsoils  overlying  dense  clay  marine  and  glacial  sediments. 

Management  problems  in  the  use  of  this  group  are  primarily,  wetness,  and  secondarily,  soils.  Except  in  low  wet  areas, 
the  soils  are  well  suited  for  growing  grass  and  legumes  for  hay  and  pasture  and  for  growing  alfalfa.  They  are  fairly 
well  suited  for  growinq  small  grains  and  vegetable  crops.  The  soils  are  well  suited  for  continuous  cropping,  provided 
green  manures  arc  used  during  winter  seasons.  They  are  suited  for  growing  hay  and  pasture  5 to  10  years,  followed  by 
raw  crops  I to  2 years,  with  winter  cover  crops  between  successive  years  of  row  crops.  Crop  yields  are  moderate  to 


moderately  high 

under  a high 

level  of 

conservation  management. 

X 

A0P 

% 

A0P 

/ ADP 

Mapp  i nq  Un  i t 

Slope 

Code 

Mapp i nq  Unit 

Slope 

Code 

Mapping  Unit 

Slope  Code 

Coupeville  1 

0-3 

22312 

Coupeville  si  I* 

0-3 

22312 

Land  Capability  Unit  llsOI  ( 1 1 s 1 ) consists  of  moderately  deep  and  medium  textured  soils  on  nearly  level  to  gently 
sloping  uplands.  The  soils  have  a high  content  of  volcanic  ash. 

Maintenance  cf  soil  productivity  is  the  primary  conservation  management  problem  on  the  soils  of  this  unit.  The  soils 
are  well  suited  for  growing  stratfeerr ies , cane  berries,  vegetables,  row  crops,  bulbs,  small  grains,  forage,  alfalfa, 
grasses  and  kqumes  for  hay  and  pasture,  and  wood  crops.  The  soils  are  suited  for  continuous  cropping  when  winter 
cover  crop-,,  oreen  manures,  all  available  barnyard  manure,  and  complete  conmercial  fertilizers,  are  used.  Also,  they 
are  suited  for  growing  hay  and  pasture  J to  4 years  with  strawberries  3 to  4 years;  or  hay  and  pasture  5 to  10  years 
followed  by  row  crops,  vegetables,  or  bulbs  I to  2 years,  with  winter  cover  crops  between  successive  years  of  row 
crops,  or  hay  and  pasture  5 to  10  years  followed  by  cane  fruits  with  annual  cover  crops  7 to  10  years.  Crop  yields 
are  moderate  to  high  under  an  intensive  conservation  management  program. 


X 

A0P 

X 

ADP 

% 

A0P 

iwppln,  unit 

Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Mapp i nq  Unit 

Slope 

Code 

Clneber  sll 
Giles  sil 

0-3 

0-J 

23001 

Giles  sil 

3-8 

23001 

Salal  sil 

0-3 

23001 

Land  Capability  Unit  Ilsw02  (1 1 s2 ) consists  of  gently  sloping,  deep  terrace  soils,  with  medium  and  moderately  coarse 
textured  surfaces  and  moderately  fine  textured  subsoils. 

Conservation  -ranagement  problems  on  this  group  of  soils  are  maintenance  of  productivity  and  slight  internal  wetness. 
The  soils  are  suited  for  growing  grass  and  legumes,  small  grains,  potatoes,  strawberr ies , cane  berries  and  wood  crops. 
They  are  suited  for  continuous  cropping  by  using  winter  cover  crops,  green  manures,  all  available  barnyard  manure,  and 
complete  commercial  fertilizers.  Also,  they  are  suited  for  growing  hay  and  pasture,  grass  and  legumes,  3 to  4 years 
followed  by  strawberries  3 to  4 years;  or  hay  and  pasture  5 to  10  years  followed  by  row  crops,  potatoes,  or  bulbs  I to 
3 years,  with  winter  cover  crops  between  successive  years  of  row  crops;  or  cane  fruits  with  annual  cover  crops  7 to  10 
years.  Crop  yields  are  moderate  to  high  under  an  intensive  conservation  management  program.  Windthrow  is  a moderate 
hazard  to  woodlands  on  these  soils  because  of  the  dense  silty  clay  loam  subsoils  which  prevent  root  penetration  to 
depths  sufficient  to  support  the  trees.  Crops  grown  on  these  soils  respond  well  to  treatment  of  barnyard  manure  and 
complete  commercial  fertilizers  mixed  to  meet  the  requirements  for  specified  crops.  Lime  applications  may  be  bene- 
ficial to  establishment  and  maintenance  of  the  legumes  and  legume-grass  mixtures. 

/ A0P  k A0P  A A0P 

Mepp i nq  unit  Slope  Code  Happing  Unit  Slope  Code  Happing  Unit  Slope  Code 

Agnew  I 0-3  23202  Agnew  fsl  3-8  23202 

Land  Capability  Unit  Ilsw03  (Ils3)  consists  of  moderately  deep,  well  drained  moderately  coarse  textured  soils  on 
gentle  slopes. 

The  conservation  management  problems  are  maintenance  of  productivity  and  local  Internal  wetness.  The  soils  are  well 
suited  for  growing  strawberr ies , cane  berries,  vegetables,  peas,  row  crops,  bulbs,  small  grains,  forage,  grasses  and 
legumes  for  hay  and  pasture,  and  wood  crops.  These  soils  are  suited  for  continuous  cropping  when  winter  cover  crops, 
green  manures  and  all  available  barnyard  manure  and  complete  commercial  fertilizers  are  used.  Also,  they  are  suited 
for  growing  hay  and  pasture  3 to  4 years  with  strawberries  3 to  4 years;  or  hay  and  pasture  3 to  10  years  with  row 
crops,  vegetables,  peas  or  bulbs  I to  2 years;  or  cane  fruits  with  annual  cover  crops  7 to  10  years.  Crop  yields  are 
moderate  under  an  intensive  conservation  management  program.  Generally,  most  of  these  soils  are  under  cultivation  and 
are  not  used  for  wood  crops.  If  they  should  be  used  for  wood  crops  their  production  would  be  only  moderate.  Other 
crops  grown  on  these  soils  respond  well  to  treatment  of  barnyard  manure  and  complete  commercial  fertilizers  mixed  to 
meet  the  requirements  for  specified  crops.  Lime  applications  may  be  beneficial  to  the  establishment  and  maintenance 
of  legumes  and  legume-grass  mixtures. 
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Land  Capability  Unit  I |sw03  (Ils3)  (Con.) 


Happ 1 nq  Unit 

X 

slop. 

AOP 

Code 

Happing  Unit 

X 

Slop. 

AOP 

Code 

Happing  Unit 

% AOP 

Slope  Code 

Cbeys  si* 

0-3 

23203 

Ebeys  si 

3-8 

23203 

Land  Capability  Unit  IllewOI  (I  I lei)  consists  of  deap  and  moderately  deep,  moderately  well  drained  glacial  terraces  on 
undulating  topography.  Their  surfaces  are  medium  textured,  their  subsoils  are  medium  to  moderately  fine  textured,  and 
their  substrata  are  cemented  very  gravelly  sandy  loams  or  sands. 

The  conservation  management  problems  are  primarily  erosion  control  and  drainage  of  low,  wet  areas.  The  soils  are  well 
suited  for  growing  row  crops,  vegetables,  strawberr ies , small  grains,  forage,  grasses,  legumes  and  wood  crops.  Ade- 
quate protection  against  accelerated  erosion,  maintenance  of  soil  structure  and  productivity  may  be  accomplished  by 
growing  grass  and  legume  cover  for  4 to  5 years,  followed  by  I to  4 years  of  row  crops,  w.i  th  winter  cover  crops  be- 
tween successive  years  of  ran  crops;  hay  and  pasture  3 to  4 years  with  strawberries  3 to  4 ygars,  or. hay  and  pasture 
5 to  10  years  with  row  crops  I to  2 years.  Crops  grown  on  these  soils  produce  average  to  high  yields.  The  crops 
respond  well  to  use  of  available  barnyard  manure  with  complete  commercial  fertilizer  mixed  to  meet  specific  crop 
needs.  Lime  and  fertilizer  requirements  for  establishment  and  maintenance  of  crops  can  be  determined  by  soil  tests. 
Crops  grown  on  soils  of  this  management  unit  respond  well  to  Irrigation.  The  soil  water  Intake  rates  are  moderate, 
and  their  water-hold ing  capacities  are  low.  These  soils  have  a good  site  index  rating  for  growing  Oouglas-fir.  Wind- 
throw  is  a moderate  hazard  on  these  moderately  deep  soils  over  cemented  glacial  till.  Douglas-fir  saplings  have 
severe  competition  from  deciduous  trees  and  brush  unless  the  site  is  intensively  managed. 

% AOP  % AOP  % AOP 


Happ 1 nq  Unit 

Slops 

Code 

Happinq  Unit 

Slop. 

Code 

Happ i nq  Unit 

Slops 

Code 

Aiderwood  1 

0-8 

31201 

Cagey  si 

0-8 

31201 

Cove  1 and  s 1 1 

0-8 

31201 

Alderwood  sil 

0-8 

It 

Cagey  sil 

0-8 

" 

Kitsap  1 

3-8 

" 

Cagey  gfsl 

3-8 

" 

Cove  1 and  1 

3-8 

" 

Kitsap  sil* 

3-8 

" 

C.9*y  9l 

0-8 

" 

Cove  land  gl 

3-8 

ii 

Nesika  1 

0-8 

n 

c*9*y  g* I 

0-8 

II 

Cove  1 and  gs 1 1 

3-8 

" 

Roche  1 

0-8 

ii 

Land  Capability  Unit  II Iew03  (Ille2)  consists  of  moderately  deep,  moderately  well  drained  glacial  terrace  soils  on  un- 
dulating and  rolling  topography.  Their  surfaces  consist  of  loams,  gravelly  loams  and  sandy  loams;  their  subsoils  are 
gravelly  loams  and  silty  clay  loams,  and  their  substrata  are  dense  or  cemented  gravelly  loams,  silts  and  clays. 


The  soils  are  well  suited  for  growing  grasses,  legumes,  small  grains,  potatoes  and  wood  crops.  Adequate  protection 
against  accelerated  erosion,  maintenance  of  soil  structure  and  productivity  may  be  accomplished  by  growing  grass  and 
legume  crops  4 to  5 years,  followed  by  I to  4 years  of  row  crops,  with  winter  cover  crops  between  successive  years  of 
row  crops;  hay  and  pasture  3 to  4 years  with  strawberries  3 to  4 years;  or  hay  and  pasture  5 to  10  years  with  row  crops 
I to  2 years.  Crops  grown  on  these  soils  produce  average  to  high  yields.  Crops  respond  well  to  irrigation  during 


periods  of  low 
Happinq  Unit 

precipitation. 

% AOP 

Slops  Code 

Happinq  Unit 

X 

Slop. 

AOP 

Code 

Happinq  Unit 

X 

Slop. 

AOP 

Code 

Agnew  si 

8-15  31203 

Clal lam  gl 

3-8 

31203 

Clallam  1* 

3-8 

31203 

Land  Capability  Unit  1 1 Ies02  (Ille3)  consists  of  modarately  deep  and  deep,  medium  and  moderately  fine  textured,  well 
drained  soils  formed  on  gently  sloping  glacial  upland  terraces.  The  substratum  is  compact  glacial  till  or  sandstone. 


Conservation  management  problems  are  primarily,  erosion  control,  and  secondarily,  maintenance  of  soil  productivity. 
The  soils  are  well  suited  for  growing  row  crops,  vegatables,  strawberries,  small  grains,  forage,  grasses,  legumes, 
and  wood  crops.  Adequate  protection  against  accelerated  erosion,  maintenance  of  soil  structure  and  productivity  can 
be  accomplished  by  growing  grasses  and  legumes  $ to  10  years,  followed  by  I to  4 years  of  row  crops  with  winter  cover 
crops  between  successive  years  of  raw  crops;  or  grasses  and  legumes  3 to  4 years  with  strawberries  3 to  4 years. 

Crops  grown  on  these  soils  produce  average  to  high  yields,  and  respond  well  to  Irrigation  during  seasons  of  low  pre- 
cipitation. Suitability  of  the  soils  for  growing  Oougias-flr  is  good  to  very  good,  with  site  indexes  ranging  from 
130  to  170.  Brush  competition  Is  moderate.  Susceptibility  to  wind throw  Is  slight  on  the  deep  soils  and  moderate  on 


soils  20  to  30 

Inches  deep. 

Generally, 

logging  equipment 

limitations  are  only  moderate. 

A 

AOP 

% AOP 

% 

AOP 

Happ i nq  Unit 

Slop. 

Code 

Hopping  unH 

Slope  Code 

Happing  (In  It 

Slop. 

Code 

C a the art  1* 

3-8 

31302 

Cathcart  gsil 

3-8  31302 

Sauk  1 

3-8 

31302 

Cathcart  cl 

3-8 

M 

Delphi  gl 

8-15 

Saxon  s 1 1 

3-8 

H 

Cathcart  fsl 

3-8 

• I 

Giles  1 

3-8  " 

Wicker sham  shaly  sil 

3-8 

II 

L«n<l  CpOTIIIt. 

' Unit  lllwefb  (lllwl)  consists  of  somesbat  poorly  drained  and  medium  textured  soils  with 

compact 

, fine 

textured  subsoils  and  substrata. 

Conservation  management  problems  are  primarily  wetness,  and  secondarily,  erosion.  These  soils,  where  drained,  are 
well  suited  for  growing  grasses,  legumes,  small  grains,  forage,  annual  row  crops,  and  strawberries.  Adequate  soil 
protection  may  be  attained  by  growing  grass  and  legumes  5 to  10  years  with  I or  2 years  of  oats;  grass  and  legumes 

4 or  5 years  with  not  more  than  3 to  4 years  of  forage  (corn);  or  row  crops  and  winter  cover  crops  between  successive 

years  of  row  crops.  Crop  yields  are  moderate  under  a conservation  management  program.  Crops  respond  well  to  applica- 
tions of  manures  and  complete  commercial  fertilisers  mixed  to  meet  the  requirements  of  each  crop.  The  fertiliser  and 
lime  requirements  of  these  soils  may  best  be  determined  by  soil  tests.  Crops  respond  well  to  supplemental  Irrigation 

during  periods  of  law  precipitation.  Excess  water  caused  by  over  I rr I gat  Ion  may  cause  crop  damage  by  waterlogging  of 

the  root  so ne  above  the  restrictive  cone.  Likewise,  a waterlogged  soil  may  cause  seep  spots  to  develop  In  low  lying 
areas  by  water  moving  laterally  over  restrictive  layers.  The  problem  may  be  corrected  by  reducing  water  applications, 
but  should  the  problem  extend  over  a wide  area,  correction  may  be  by  water  interception  ditches  and  tile  to  provide 
extra  drainage  capacity  to  promptly  dispose  of  the  excess  water.  Soils  of  this  management  unit  ere  very  well  suited 
for  growing  Douglas-flr.  however,  they  have  moderate  to  severe  equipment  limitations  due  to  seasonal  wetness  *ben  the 
soils  may  become  quick.  Wlndthrow  may  be  a moderate  to  severe  hazard  where  depths  over  dense  glacial  till  are  24  to 
36  Inches. 
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% AOP 

ilflf  .-E2& 


Whatcom  sil*  0-8  J2II6  Bow  gs  II 


0-8  32116 


Land  Capability  Unit  lllwe17  (Illw2)  consist*  of  upland  terraca  soils  that  are  moderately  shallow  to  shallow  (12  to  36 
Inches  deep) , and  poorly  to  somewhat  poorly  drained.  The  soli*  have  medium  and  moderately  coarse  textured  surfaces, 
and  moderately  coarse  to  moderately  fine  textured  subsoils  which  overlie  dense  glacial  till. 

The  primary  conservation  management  problem  is  wetness,  and  the  secondary  problem  is  stab  1 1 1 zat Ion  against  erosion. 

The  soils  are  suited  for  growing  grasses,  legumes,  small  grains,  strawberries,  and  cane  berries.  They  may  be  ade- 
quately protected  against  erosion  looses  and  deterioration  by  growing  grass  and  legumes  4 to  10  years  with  I or  2 
years  of  small  grains,  grass  and  legumes  3 to  4 years  with  strawberries  3 to  4 years;  or  grass  and  legumes  5 to  10 
years  with  cane  fruits,  and  winter  cover  crops  7 to  10  years.  Under  a high  level  of  conservation  management,  yields 
on  these  soils  are  moderate  to  high.  The  soils  are  suitable  for  Irrigation  during  periods  of  low  precipitation. 
Without  drainage,  these  soils  are  best  suited  for  growing  w <etlsnd  grasses  and  legumes,  with  small  grains  used  period- 
ically as  cleanup  crops.  The  soils,  with  site  Index  ratings  ranging  between  140  and  160,  rate  as  good  for  Douglas-fir 
production.  Equipment  limitations  are  moderate  to  severe.  The  soils  may  become  quick  when  they  are  wet;  therefore, 
the  use  of  logging  equipment  may  be  limited  to  periods  when  the  soils  are  not  saturated.  Logging  equipment  moving 
over  saturated  soils  destroys  soil  structure,  which  results  in  slower  drainage  and  causes  a sol l-molsture-elr  environ- 
ment better  suited  for  brush  species  than  for  regeneration  of  Douglas-fir. 


% ADP  % ADP 

ilQfid  Code  Happing  Unjt  Slope  Coda 


Enumclew  I 3-8  32117  Kapowsin  gl  3-8  32M7  Kapowsin  gsl  3-8  32117 

Kapowsin  gel*  3-8  " 


Land  Capability  Units  lllwsOI,  02  (U1w3)  consist  of  moderately  deep,  well  drained  end  somewhat  excessively  drained 
bottom  lands  subject  to  periodic  overbank  flow  flooding  and  sedimentation.  Their  surfaces  consist  of  medium  to  moder- 
ate or  moderately  fine  textures. 


The  primary  conservation  management  problem  is  overbank  flow  flooding,  and  the  secondary  problem  is  maintenance  of 
soli  productivity.  The  soils  are  well  suited  for  growing  grasses,  legumes,  alfalfa,  pole  beans,  sweet  corn,  straw- 
berries, and  cane  berries,  high  yields  can  be  maintained  under  an  intensive  conservation  management  program.  Produc- 
tivity and  protection  of  these  soils  can  be  attained  by  continuous  row  cropping  with  winter  cover  crops  between 
successive  years  of  row  crops;  growing  grass  and  legumes  4 to  10  years,  followed  by  1 to  4 years  of  row  crops,  with 
winter  cover  crops  between  successive  year*  of  row  crops;  growing  grasses  and  legumes  5 to  10  years,  with  strawberries 
3 to  4 years  or  by  growing  grasses  and  legumes  5 to  10  years,  with  cane  fruits  and  winter  cover  crops  7 to  10  years. 
Any  combination  of  the  above  outlined  conservation  measures  is  designed  to  protect  the  soil  against  detar iorat ion  and 
to  provide  average  to  high  yields.  Irrigation  during  periods  of  low  rainfall  promotes  continued  crop  growth  and  In- 
creases production.  Crops  respond  well  to  the  use  of  all  available  barnyard  manure,  and  to  the  use  of  complete  com- 
mercial fertilizers  mixed  to  meet  specific  crop  needs.  The  fertilizer  requirements  for  crops  on  each  soil  depend 
upon  past  management. 


% 

AOP 

X 

AOP 

* 

ADP 

napp 1 nq  Unit 

Code 

Mappinq  Unit 

Slop* 

Code 

Mapp i ng  Unit 

ilsea 

JL<*« 

Belfast  fsl 

0-3 

32301 

Edgewick  fsl 

0-3 

32301 

Kline  1 

0-3 

32302 

Belfast  si 

0-3 

•• 

Eld  sil 

0-3 

" 

Kline  1 

3-8 

** 

Belfast  sil 

0-3 

•i 

Eld  1 

0-3 

32302 

Kline  sil* 

0-3 

" 

Camas  gl 

0-3 

it 

Eld  gl 

0-3 

** 

Mewberg  fsl 

0-3 

32301 

Cokedala  si 

0-3 

•• 

Eld  s I c 1 

0-3 

Newberg  1 

0-3 

•• 

Cokedale  s i c 1 /Puyallup 

0-3 

ii 

Kline  g 1 

0-3 

•i 

Puyallup  fsl* 

0-3 

" 

Oungeness  fsl.  Shallow 
Ed9#w(ck  vf s 1 

0-3 

0-3 

#i 

ii 

Kl Ine  gl 

3-8 

Puyallup  si 

0-3 

Lend  Capability  Unit  ||  lws(?3  (Illw4)  consists  of  nearly  level,  deep  and  moderately  deep  (20-40  inches),  medium,  mod- 
erately tirve.  and  moderately  coarse  textured  bottom  lend  soils.  Their  surfaces  consist  of  medium  to  moderately  fine 
textures  which  ere  medium  to  strongly  acid. 

Conservation  management  problems  are  primer! ly,  wetness  due  to  flooding  by  streembank  overflow,  and  secondarily,  soil 
productivity  maintenance.  Flood  prevention  and  improved  land  drainage  make  these  soils  fairly  well  suited  for  growing 
row  crops,  vegetables,  peas,  sweet  corn,  grasses,  legumes,  and  small  grains.  The  soils  can  be  protected  against  de- 
terioration and  productivity  can  be  maintained  by  continuous  row  cropping  with  winter  cover  crops  between  successive 
years  of  row  crops;  growing  grasses  and  legumas  4 to  10  years  followed  by  row  crops  I to  4 years,  with  wlntar  cover 
crops  between  successive  years  of  row  crops;  growing  grasses  end  legumas  3 to  4 yaars  with  strawberrlas  3 to  4 years; 
or  growing  grassas  and  lagumas  $ to  10  years  with  cane  fruit*  end  winter  cover  crop*  7 to  10  year*.  Crop  yield*  ere 
moderately  high  under  such  e system  of  conservation  management.  Irrigation  is  well  suited  to  these  lends  during 
periods  of  low  prec Ip  I tetlon. 


MCTlna.SC.lt 

* 

Slop* 

AOP 

-S2& 

*m|na  ifrli 

X 

Slop* 

AOP 

-iaSa. 

Wpplna  U"!t 

X 

Use* 

AOP 

Ss+> 

Cokedale  sfcf 

0-1 

3*303 

May town  fsl 

0-3 

3*303 

Puyallup  s I/Buckley 

0-3 

3*303 

LunrI  slcl 

0-3 

•• 

Nuby  sil 

0-3 

II 

substrata  matarial 
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Land  Capability  Unit  |||ws04  (lllwS)  occurs  on  gently  sloplnq  to  gently  undulating  topography  with  slope  gradients 
ranging  between  I and  8 percent.  The  surface  soils  consist  of  medium  and  moderately  coarse  textures  with  a reaction 
which  ranges  from  pH  5.6  to  6.5.  The  substrata  consist  of  moderately  coarse  dense  basal  till. 


Conservation  management  problems  are  primarily,  wetness,  and  secondarily,  soil  productivity  maintenance.  The  soils 
are  suited  for  growing  grasses,  legumes,  small  grains,  peas,  and  strawberries.  The  land  may  be  protected  against  de- 
terioration by  growing  grasses  and  legumes  4 to  10  years,  followed  by  row  crops  1 to  4 years,  with  winter  cover  crops 
between  successive  years  of  row  crops,  grasses  and  legumes  3 to  4 years  with  strawberries  3 to  4 years,  or  grasses  and 
legumes,  4 to  10  years  followed  by  small  grains  or  forage  crops  1 to  4 years,  with  winter  cover  crops  between  succes- 
sive years  of  row  crops.  These  soils  are  suitable  for  sprinkler  irrigation  during  periods  of  low  prec Ip  I tat  ion. 

Crops  respond  well  to  irrigation.  Supplemental  irrigation  during  periods  of  moisture  deficiencies,  where  fertilizers 
are  used,  will  usually  Increase  crop  yields  to  near  their  potential. 

'A  ADP  A AOP  % ADP 

Mapping  Unit  ' Slope  Code  Mapp i nq  Unit  Slope  Code  Happ i ng  Unit  Slope  Code 


San  Juan  gs 1 , 

3-8  3230** 

San  Juan  1 , 

3-8  3230** 

Sequim  cl 

moderately  deep 

moderately  deep 

Sequim  g|*v 

0-3  32304 

0-3 


Land  Capability  Unit  1 1 Iws05  ( 1 1 Iw6 ) consists  of  poorly  drained,  moderately  shallow  (20  to  30  inches),  moderately  fine 
textured  bottom  land  soils  on  nearly  level  topography.  The  soils  have  medium  to  strongly  acid  silt  loam,  clay  loam 
and  silty  clay  loam  surfaces,  with  silty  clay  loam,  clay  loam  and  clay  subsoils  overlying  clay  substrata. 


The  primary  conservation  management  problem  is  wetness,  and  the  secondary  problem  is  maintenance  of  soil  productivity. 
These  soils  are  best  suited  for  growing  grasses,  legumes,  corn,  peas  and  broccoli.  Yields  are  moderate,  and  limited 
by  wetness  and  shallow  rooting  depths.  Soils  of  this  land  class  can  be  adequately  maintained  by  growing  grasses  and 
legumes  4 to  10  years,  followed  by  small  grains  1 or  2 years;  grasses  and  legumes  5 to  10  years  with  row  crops  (corn, 
peas  or  broccoli)  I to  2 years;  including  a winter  cover  crop  between  successive  years  of  row  crops.  Crop  yields  are 
moderate  under  a high  level  conservation  management  program.  Without  drainage,  the  soils  are  best  suited  for  growing 
wetland  grasses  and  legumes.  Sprinkler  irrigation  during  dry  summer  periods  materially  increases  crop  production. 
Supplemental  irrigation  during  periods  of  moisture  def Ic lane les , where  fertilizers  are  used,  will  usually  increase 
crop  yields  to  near  their  potential. 


X AOP 

% 

AOP 

% 

AOP 

Mapping  Unit 

Slope  Code 

Mapp 1 ng  Unit 

Slope 

Code 

Mapping  Unit 

Slope 

Code 

Alluvial  soils, 

0-3  32305 

Wapato  cl 

0-3 

32305 

Wapato  s i 1 -Gal vin 

0-3 

32305 

undif ferentiated 

Wapato  sil 

0-3 

" 

sil  complex 

Issaquah  s!1 

0-3 

Wapato  sicl 

0-3 

it 

Wood invl lie  sil 

0-3 

it 

Sammamish  sll 

0-3 

Land  Capability  Unit  1 1 Iws08  ( 1 1 Iw7 ) consists  of  moderately  shallow,  poorly  drained  soils  with  iron  cemented  subsoils 
which  occur  on  nearly  level  basin- 1 ike  topography  of  glacial  outwash  terraces. 

Conservation  management  problems  are  primarily,  wetness,  and  secondarily,  maintenance  of  soil  productivity.  Where 
drained,  the  soils  are  suited  for  growing  grasses,  legumes,  small  grains,  silage,  and  strawberr ies . Conservation  meas- 
ures necessary  to  maintain  soil  structure  and  productivity  consist  of  growing  grasses  and  legumes  3 to  4 years,  with 
strawberries  3 to  4 years;  grasses  and  legumes  4 to  5 years,  with  silage  and  forage  crops  I to  2 years;  annual  green 
manure  crops  between  successive  years  of  silage  crops;  or  grasses  and  legumes  5 to  10  years  with  small  grains  1 year. 
Crop  yields  range  from  moderately  low  to  moderately  high  under  a conservation  management  program.  Limestone,  available 
barnyard  manure,  and  complete  commercial  fertilizers  are  beneficial  in  establishing  and  maintaining  crops  on  these 
soils.  Crops  respond  well  to  supplemental  Irrigation  during  the  dry  summer  season.  Irrigation  during  periods  of  mois- 
ture deficiencies,  v^iere  fertilizers  are  used,  will  usually  increase  crop  yields  to  near  their  potential. 
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ADP 

x 

AOP 

X 

ADP 

Mapping  Unit 

Slope 

Code 

Mapping  Unit 

Slop. 

Code 

Mapping  Unit 

Slope 

Code 

Custer  fsl 

0-3 

32308 

Edmonds-Tromp  sil 

0-3 

32308 

Tromp-Tlsch  fsl 

0-3 

32308 

Custer  si 

0-3 

II 

Glles-Tromp  sll 

0-3 

II 

complex 

Custer  sil 

0-3 

II 

Hale  sil 

3-8 

II 

Tromp-Custer  sil 

0-3 

ii 

Edmonds  1 

0-3 

II 

Hale-Norma  sll 

0-3 

• 1 

Tromp -Edmonds  sil 

0-3 

•• 

Edmonds  s i 1 

0-3 

II 

Tramp  sll 

0-3 

II 

complex 

Edmonds  %\ 

0-3 

II 

Tromo  fsl 

0-3 

II 

Tromp -Wood lyn  s 1 1 

0-3 

•i 

Edmonds  fsl 

0-3 

• 1 

Tromp  sicl 

0-3 

II 

Woodlyn  si  1 

0-3 

" 

Land  Capabi 1 i tv  Unit 

1 1 Iws09 

(Illw8)  consists  of  moderately  deep  (20 

to  36 

inches),  poorly  drained  soi 

s,  which 

occur  on 

basin-like  topography 

with  s 

lopes  of 

less  than  5 percent. 

The  primary  conservation  management  problem  Is  wetness,  and  the  secondary  problem  Is  maintenance  of  soil  productivity. 
Where  drained,  the  soils  are  suited  for  growing  grasses  and  legumes  for  hay  and  pasture,  and  for  the  production  of  si- 
lage. Under  a high  level  of  conservation  management,  yields  are  moderate.  Conservation  measures  required  to  maintain 
production  consist  of  growing  grasses  and  legumes  for  hay  and  pasture  5 to  10  years,  with  small  grains  or  row  crops  to 
reestablish  grasses  and  legume  stands,  1 to  2 years.  Where  drained,  and  during  periods  of  low  precipitation,  these 
soils  are  suited  for  sprinkler  irrigation.  Supplemental  irrigation,  where  fertilizers  are  used,  will  usually  Increase 
crop  yields  to  near  their  potential. 
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Mapping  Unit 

Slope 

Code 

Mapp i ng  Unit 

Slope 

Code 

Galvin  sll 

0-3 

32309 

Norma-Hale  sll 

0-3 

32309 

Norma  sll 

3-8 

32309 

Galvin  sicl 

0-3 

II 

Norma  1* 

0-3 

ii 

Norma  sic 

0-3 

•i 

Norma-Cagey  sll 

0-3 

• I 

Norma  1 

3-8 

H 

Norma  sicl 

0-3 

ii 

Norma  cl 

0-3 

• 1 

Norma  si 

0-3 

II 

Or  ting  gsl 

0-3 

" 

Norma  fsl 

0-3 

Norma  s 1 1 

0-3 

" 
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Land  Capability  Unit  lllwslO  (Illw9)  consists  of  moderately  shallow  soils  20  to  40  inches  deep,  which  occur  on  neer ly 
level  besin  topography  with  slope  gradients  of  less  then  3 percent. 

Management  problems  ere  wetness  and  maintenance  of  soil  productlvl ty.  The  soils  ere  best  suited  for  growing  grasses 
and  legumes  for  hey  end  pasture,  or  for  the  production  of  forage  In  the  form  of  silage.  Conservation  measures  for 
maintaining  the  lend  consist  of  growing  hey  end  pasture  5 to  10  years  with  I or  2 years  of  small  grains,  or  hey  and 
pasture  (grasses  and/or  legumes)  5 to  10  years,  with  not  more  than  3 or  4 years  of  pees  or  corn.  Including  cover  crops 
between  successive  years  of  raw  crops.  Without  drainage,  soils  of  this  management  group  are  suited  for  growing  wet* 
land  grasses  and  legumes.  The  soils  are  suitable  for  sprinkler  Irrigation  during  periods  of  low  precipitation,  and 
supplemental  irrigation  during  periods  of  moisture  deficiencies,  where  fertilizers  are  used,  will  usually  Increase 


crop  yields  to  neer 

their  potential. 
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A0P 

• 
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ADP 

X 

A0P 

Mapp 1 nq  Unit 

slop. 

Code 

Mapplnq  Unit 

slop. 

Code 

Mappinq  Unit 

Slop. 

Code 

Bel  1 i ogham  cl 

0-J 

32310 

Buckley-Enumclaw  1 

0-3 

32310 

Laboun  ty -McKenna 

0-3 

32310 

Bel  1 ingham  fs 1 

0-3 

•t 

Clackamas  sicl 

0-3 

ii 

sicl  complex 

Bellingham  1 

0-3 

M 

Clipper  sicl 

0-3 

ii 

McKenna  sicl 

0-3 

« 

Bel  1 ingham  si  1 

0-3 

II 
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Land  Capability  Unit  lllwsll  (lllwlO)  consists  of  poorly  and  Imperfectly  drained  soils  20  to  30  Inches  deep,  underlain 
by  dense  glacial  clay  basal  till.  The  soils  occur  on  nearly  level  topography  with  slope  gradients  of  less  than  3 
percent. 


Management  problems  are  wetness  and  maintenance  of  soil  productivity.  These  soils  are  best  suited  for  growing  grasses 
and  legumes  for  hay  and  pasture,  or  for  the  production  of  forage  in  the  form  of  silage.  Adequate  conservation  meas* 
ures  for  protection  against  deterioration  may  be  attained  by  growing  hay  and  pasture  for  5 years,  with  I or  2 years  of 
oats;  or  hey  and  pasture  4 to  5 years,  with  not  more  than  3 to  4 years  of  peas  or  corn,  including  winter  cover  crops 
between  successive  years  of  row  crops.  Without  drainage,  these  soils  are  suited  for  growing  wetland  grasses  and  leg* 
umes.  The  soils  are  suitable  for  sprinkler  irrigation  during  periods  of  low  precipitation,  and  supplemental  irrigation 
during  periods  of  moisture  def iciencies,  where  fertilizers  are  used,  will  usually  increase  crop  yields  to  near  their 


potential. 
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Land  Capability  Unit  Illwsl2  (lllwll)  consists  of  upland  terrace  soils  which  generally  are  moderately  shallow  (20  to 
30  inches  deep) , and  poorly  to  some* diet  poorly  drained.  The  soils  occur  on  gently  sloping  topography  with  slope  gradi- 
ents of  less  than  3 percent.  They  have  medium,  moderately  fine  and  moderately  coarse  textured  surfaces,  and  moderately 
coarse  to  moderately  fine  textured  subsoils  which  overlie  dense  glacial  till  or  clay  substrata. 

Manageamnt  problem  are  wetness  and  maintenance  of  soil  productivity.  The  soils  are  suited  for  growing  grasses  and 
legumes  for  hay  and  pasture,  silage,  and  strawberr les.  Adequate  protection  against  deterioration  from  erosion  and 
fertility  depletion  can  be  attained  by  growing  grasses  and  legumes  4 to  10  years,  with  smell  grains  1 to  2 years;  or 
grasses  end  legumes  5 to  10  years,  with  row  crops  (peas  or  corn)  not  more  than  3 to  4 years,  and  winter  cover  crops 
between  successive  years  of  row  crops.  Without  drainage,  these  soils  ere  best  suited  for  growing  wetland  grasses  and 
legumes.  The  soils  are  suitable  for  sprinkler  irrigation  during  seasons  of  law  precipitation,  and  supplemental  Irriga- 
tion during  periods  of  moisture  deficiencies,  where  fertilizers  ere  used,  will  usually  Increase  crop  yields  to  near 
their  potential. 
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Land  Capability 

IMt  111(01 

mm) 

consists  of  glacial  terraces  and 

alluvial 

fans  with  nearly  level  to  undulating 

topography  (6-t 

percent  slopes).  The  soils  have  loam  and 

silt  loam  surfaces. 

and  loam,  sandy  loam  or 

loamy  sand  sub- 

soils  overlying  sands,  gravelly  sands  or  shale  substrata. 

The  primary  management  problem  Is  maintenance  of  soli  product  I vlty.  The  soils  are  suited  for  growing  grasses,  legumes, 
small  grains,  corn,  potatoes,  strawberr let,  and  cane  fruits.  Adequata  protection  against  soil  deterioration  can  be  at- 
tained by  growing  grasses  and  legumes  5 to  10  years  with  I or  2 years  of  small  grains;  grasses  and  legumes  4 to  5 years 
with  not  more  than  3 to  4 years  of  row  crops,  potatoes  or  corn,  and  winter  cover  crops  between  successive  years  of  row 
crops;  grasses  and  legumes  3 to  4 years,  followed  by  strawberries  3 to  4 years;  or  grasses  and  legumes  5 to  10  years 
followed  by  cane  fruits,  with  winter  cover  crops  7 to  10  years.  Crop  yields  are  moderate  under  a conservation  manage- 
ment program.  Crops  respond  welt  to  applications  of  manure  end  complete  coemierclal  fertilizers  mixed  to  meet  the  re- 
quirements of  each  crop.  Supplemental  Irrigation  during  periods  of  moisture  deficiencies,  where  fertilizers  are  used, 
will  usually  Increase  crop  yields  to  near  their  potential. 
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l.nd  tspablllty  Unit  111.06  (III. 2)  occurs  on  glacial  outwash  torrocas  with  nearly  laval  topography  In  a cliaatlc  cona 
having  IS  to  20  Inches  of  annual  precipitation.  It  hat  a loamy  fine  sand  surface,  and  a slightly  acid  (pH  6. 1-6.5) 
loamy  fine  sand  subsoil  over  a loose,  loamy  sand  substratum. 

The  primary  problem  It  toll  management.  The  toll  It  suited  for  growing  grasses.  lagunas,  alfalfa,  small  grains  peas 
potatoes,  forage  crops.  strmberr las . and  cena  fruits.  The  toll  structure  and  toll  productivity  can  be  maintained  by 
graalng  one  or  a combination  of  the  following  crops:  grasses  and  legumes  for  4 to  10  years  followed  by  ra.  crops  I to 

4 years,  with  winter  cover  crops  between  successive  yeers  of  row  crops:  grasses  and  legimmt  5 to  10  years,  with  I or  2 
years  of  small  grain;  grasses  and  lagunas  J to  4 years,  with  strawberries  3 to  4 years;  or  grasses  and  leguMt  5 to  10 
years,  with  cane  fruits  and  winter  cover  crops  7 to  10  years.  Crop  yields  are  moderate  under  a conservation  manage- 
ment program.  This  soil  responds  wall  to  sprinkler  Irrigation,  and  supplemental  Irrigation  during  periods  of  moisture 
deficiencies,  where  fertilisers  era  used,  will  usually  Increase  crop  yields  to  near  thalr  potential. 

X AOP 

Happing  Unit  Slope  Coda 

Olck  Ifs  3-8  33006 

land  Capability  Unit  Ills08  (Ills31  consists  of  deep,  and  wall  to  moderately  well  drained  soils  with  surfaces  and  sub- 
tolls  of  madlun  to  strongly  acid  loams  and  silt  loams.  Thalr  substrata  consist  of  medium  acid  silt  loams,  silty  clay 
loams.  and  fine  sandy  loams. 


management  problems  are  maintenance  of  toll  productivity,  and  wetness.  The  tolls  are  wall  suited  for  growing  straw- 
berries. cane  berries,  vegetables,  r»  crops,  bulbs,  small  grains,  forage,  alfalfa,  grasses  and  lagunas  for  hay  and 
pattura,  and  wood  crops.  They  are  suited  for  continuous  cropping  whan  winter  cover  crops,  green  manures,  all  avail- 
able barnyard  manure,  and  coaplata  commercial  fertilisers  are  used.  Also,  they  era  suited  for  growing  hay  and  pattura 
3 to  4 years;  strawberries  3 to  4 years;  hay  and  pattura  5 to  10  years,  with  row  crops,  vegetables,  or  bulbs  I to  2 
years;  or  cane  fruits  with  annual  cover  crops  7 to  10  years.  Crop  yields  are  moderate  to  high  under  an  Intensive  con- 
servation management  program.  The  wood  crop  productive  potential  It  moderate  to  high,  llmu  applications  may  be  bene- 
ficial to  establishment  and  maintenance  of  lagunas  and  laguaa-grast  mixtures.  Supplemental  Irrigation  during  periods 
of  moisture  deficiencies,  «dtere  fertilizers  ere  used,  will  usuelly  Increese  crop  yields  to  neer  their  potentiel. 
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land  Capability  Unit  IHtwQ9  (I  I Is4)  consists  of  moderately  wall  drained,  moderately  deep  glacial  terraces  on  nearly 
laval  to  undulating  topography,  wfth  0 to  8 percent  slopes.  The  soils  consist  of  loam,  gravelly  lomm,  and  gravelly 
sandy  loam,  and  the  subsoils  consist  of  modarataly  to  strongly  acid  gravelly  sandy  loam,  silty  clay  loan,  or  silty 
clay.  The  substrata  are  gravelly  sandy  low,  silty  clay,  sandy  clay,  or  sandy  clay  loam  camentad  glacial  till. 

management  problems  are  maintenance  of  soil  productivity,  and  wetness.  Wetness  Is  caused  by  flooding  due  to  ponding 
during  periods  of  excess  precipitation.  Tha  soils  are  wall  suited  for  growing  grasses,  lagunas,  small  grains,  straw- 
berries, cans  fruits,  and  wood  crops.  Crop  yields  under  a conservation  management  program  era  moderate  to  high.  Tha 
land  can  be  maintained  against  deterioration  of  soli  and  production  can  be  maintained  by  growing  grasses  and  laguMS 
4 to  10  yaars  follovmd  by  I to  4 years  of  row  crops,  with  winter  cover  crops  between  successive  years  of  row  crops; 
grasses  and  legumes  3 to  4 yaars,  with  stra*errles  3 to  4 yaars;  grasses  and  lagunas  5 to  10  yaars,  with  cane  fruits 
and  winter  cover  crops  7 to  10  yaars;  or,  grasses  and  lagunas  4 to  10  yaars.  followed  by  I to  2 years  of  small  grains. 
Sprinkler  Irrigation  It  wall  suited  to  those  soils,  and  supplemental  Irrigation  during  periods  of  moisture  daf Ic lane  las, 
where  fertilisers  era  used,  will  usually  Increase  crap  yields  to  naar  thalr  potential. 
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land  capability  unit  IVowQ3  (llfal)  consists  of  moderately  daap  (20-36  Inches),  modarataly  wall  drained,  modarataly 
coarse,  madlun  and  modarataly  fine  taxtured  tolls  on  glacial  terraces,  In  a climatic  tone  having  20  to  30  Inchat  of 
precipitation  annual ly. 

The  primary  problem  It  erosion  control,  and  tha  secondary  problem  It  flooding  by  ponding.  Generally,  tha  ponding  ap- 
pears as  seeped  areas  on  slopes  or  In  small  depressions.  The  tolls  era  wall  suited  for  growing  grasses,  lagunas,  small 
grains,  alfalfa,  cane  fruits  and  grapes.  The  land  can  be  protected  against  deterioration  from  erosion,  and  fertility 
and  productivity  can  be  maintained,  by  growing  grasses  and  lagunas  4 to  10  yaars,  with  I or  2 years  of  small  grains;  or 
grasses  and  lagunas  5 to  10  years  followed  by  cane  fruits  or  grapes  7 to  10  yeers,  with  winter  cover  crops  botween 
rms.  Crop  yields  are  moderate  under  a conservation  management  program.  Tha  tolls  era  wall  tultad  to  sprinkler  Irri- 
gation, and  supplemental  Irrigation  during  parlodt  of  moisture  daf Iclanclet,  where  fertilisers  are  used,  will  usually 
Increase  crop  yields  to  naar  thalr  potential.  The  rotations  Indicated  above  era  adequate  to  prevent  sediment  sources, 
to  protect  tolls  against  erosion  lottos,  and  to  protect  water  quality  In  tha  ttraaaa. 
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Land  Capability  Unit  IVew12  (IV2)  consists  of  soils  with  loam,  silt  loam  and  silty  clay  loam  surfaces,  and  silty  clay 
loam  subsoils,  and  their  substrata  consist  of  cobbly  and  gravelly  clay,  and  silty  clay  dense  basal  till.  The  soils 
occur  on  rolling  topography  with  slope  gradients  of  3 to  15  percent. 

The  primary  management  problem  Is  control  of  erosion  and  sediment,  and  the  secondary  problem  is  wetness.  These  soils 
are  well  suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  Protection  against  soil  deterioration  can 
be  accomplished  by  crop  rotations  which  consist  of  growing  grasses  and  legumes  for  hay  and  pasture  5 to  10  years,  with 
oats  or  other  small  grains  one  year  as  a cleanup  crop  prior  to  reestablishing  desired  grasses  and  legumes.  Yields  are 
moderate  to  high  under  a conservation  management  program.  Crops  respond  well  to  applications  of  manures  and  complete 
commerc la)  fertilizers.  Sprinkler  Irrigation  Is  fairly  well  suited  to  these  soils.  Supplemental  Irrigation  during 
periods  of  moisture  deficiencies,  where  fertilizers  are  used,  will  usually  Increase  crop  yields  to  near  their  potential 
The  above  rotation  will  prevent  sources  of  sediment,  and  will  help  to  maintain  the  desired  weter  quality  of  the  streams 
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Land  Capability  Unit  IVewl4  (IVe3)  consists  of  moderately  deep  and  Imperfectly  drained  soils  on  old  glacial  terraces 
with  rolling  topography.  Their  slope  gradients  range  between  3 and  IS  percent.  The  surface  soils  are  silt  loams  and 
silty  clay  loams,  the  subsoils  are  loams  and  silty  clay  loams,  and  the  substrata  are  cemented  basal  till  consisting  of 
gravelly  sandy  loam,  gravelly  clay  loam  or  gravelly  clay. 

Stab! I Izat Ion  of  soils  against  erosion  Is  the  primary  management  problem,  and  wetness  is  secondary.  The  soil  erosion 
and  sediment  hazards  can  be  reduced  and  soil  tilth,  moisture-holding  capacity,  and  crop  yields  can  be  Improved  by  grow- 
ing grasses  and  legumes  for  hay  and  pasture  5 to  10  years,  with  small  grains  1 year  as  a cleanup  crop,  prior  to  re- 
establishing desired  grasses  and  legumes.  Crop  yields  are  moderate  under  a good  conservation  management  program. 

Crops  respond  well  to  applications  of  available  manures  and  complete  commercial  fertilizers.  Sprinkler  irrigation  Is 
fairly  suitable  for  these  soils,  considering  their  moderate  water  intake  rates  and  water-holding  capacities  In  the 
usable  soil  profile.  Crops  respond  well  to  Irrigation  during  periods  of  moisture  deficiencies,  and  tdxere  fertilizers 
are  used,  crop  yields  may  approach  their  potential.  Crop  rotations  Indicated  above  are  adequate  to  control  erosion 
and  to  reduce  stream  sediments  and  pollution. 
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Land  Capability  Unit  IVew22  (IVa4)  consists  of  moderately  deep  and  deep,  moderately  well  and  Imperfectly  drained,  gla- 
cial terrece  soils,  overlying  cemented  glacial  basal  till.  The  soils  occur  on  slopes  ranging  between  3 and  15  percent. 
Their  surfaces  consist  of  medium  and  coarse  textures  which  are  slit  loam,  loam,  gravelly  loa-n,  fine  sandy  loam  and 
gravelly  sandy  loe*.  Their  subsoils  consist  of  coarse,  moderately  coarse,  and  moderately  fine  textures  which  are  grav- 
elly sand,  gravelly  sandy  loam,  sand,  and  gravelly  clay  loam. 

Stab) I izat ion  of  soils  against  erosion  Is  the  primary  problem,  and  wetness  Is  the  secondary  problem.  The  soils  are 
well  suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  The  soil  erosion  and  sediment  hazard  can  be 
reduced,  and  soil  tilth,  moisture-holding  capacity,  and  crop  yields  can  be  Improved  by  growing  grasses  and  legumes  for 
hay  and  pasture  5 to  10  years,  with  small  grains  for  1 year  as  a cleanup  crop,  prior  to  reestablishing  desired  grasses 
and  legumes.  Crop  yields  are  moderate  under  a good  conservation  management  program.  Crops  respond  well  to  applica- 
tions of  available  manures  and  complete  commercial  fertilizers.  Sprinkler  Irrigation  Is  fairly  well  suited  for  am|ls 
of  this  group  during  periods  of  moisture  deficiencies.  Crops  respond  well  to  supplemental  Irrigation,  and  with  m-tlll- 
zers,  yields  may  approach  their  potential. 
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shallow 

3-8 

41222 

Roche  gl 

8-15 

41222 

A 1 derwood  fsl 

8-15 

• 1 

Alderwood  gsl 

shal low 

8-15 

ii 

Roche  1 

8-15 

" 

Alderwood  gl 

3-8 

• I 

Bozarth  fsl 

8-15 

ii 

Roche  stl 

8-15 

Alderwood  gl 

8-15 

II 

C9*Y  9»l 

8-15 

n 

Ten! no  gsl 

8-15 

Alderwood  gsl* 
Alderwood  gsl 

3-8 

8-15 

II 
• I 

C«9«y  til 
Mpowtln  gl 

8-15 

8-15 

ii 

n 

Land  Capability  Unit  IVes06  (IVeS)  consists  of  moderately  deep  and  deep,  somewhat  excessively  drained,  medium  and 
coarse  textured  glacial  outwash  soils  on  slopes  which  range  between  3 and  15  percent.  The  soils  have  silt  loam,  grav- 
elly silt  loam,  and  gravelly  sandy  loam  surfaces.  Their  subsoils  consist  of  gravelly  sands  and  gravelly  loams  over- 
ly Ing  gravelly  sand  substrata. 

Stabilization  of  soils  against  erosion,  and  maintenance  of  soil  structure,  are  the  primary  problems.  The  soils  are 
well  suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  They  are  best  suited  for  growing  grasses  end 
legumes  for  hay  and  pasture  S to  10  years,  with  small  grains  for  1 year  as  a cleanup  crop  prior  to  reastabl Ishlng  the 
desired  grasses  and  legumes.  Crop  yields  are  moderate  to  moderately  low  under  a conservation  management  program. 
However,  the  crops  respond  well  to  applications  of  available  manures  and  complete  commercial  fertilizers. 
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Land  Capability  Unit  IVes06  (IV«5)  (Con.) 

Sprinkler  irrigation  is  well  suited  to  these  soils,  and  supplemental  Irrigation  during  periods  of  moisture  deficiencies, 
where  fertilizers  are  used,  will  usually  increase  crop  yields  to  near  their  potential. 


Happing  Unit 


% AOP 

Slope  Code  Happ i nq  Unit 


% AOP 

Slope  Code  Happing  Unit 


% 

Slope 


Barneston  si  I 
Barnhardt  gsl 


8-15  1*1306  Barnhardt  gsll 

8-15  M Cork Indale  I 


8-15  <*1306  Corklndale  I 

3-8  " Klckervi I le  si  I* 


8-15  <*1306 
8-15  " 


Land  Capability  Unit  IVes07  (IVe6)  consists  of  moderately  deep,  well  drained,  gravelly,  moderately  coarse  textured  soils 
on  low  terraces  with  slopes  wrfilch  range  between  3 and  15  percent.  Their  surfaces  consist  of  loams  and  gravelly  loams. 
TheJr  subsoils  are  strongly  acid,  firm,  gravelly,  and  very  gravelly  loams,  which  overlie  very  gravel ly, cobbly  and  boul- 
der y loams  and  sands. 

Stab! I ization  of  soils  against  erosion  and  maintenance  of  soil  structure  are  the  primary  management  problems.  The  soils 
are  well  suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  They  are  well  suited  for  growing  grasses 
and  legumes  for  hay  and  pasture  5 to  10  years,  with  small  grains  for  I year  as  a cleanup  crop,  prior  to  reestablishing 
grasses  and  legumes.  Crop  yields  are  moderate  to  moderately  low  under  a conservation  management  program.  The  soils 
are  fairly  well  suited  for  sprinkler  irrigation  during  periods  of  moisture  deficiencies,  and  supplemental  Irrigation, 
where  fertilizers  are  used,  will  usually  increase  crop  yields  to  near  their  potential. 


Happing  Unit 

X 

Slop. 

AOP 

Cod. 

mpplna  Unit 

X 

Slop. 

AOP 

-is* 

Happing  Unit 

X AOP 

Slope  Code 

Nesika  1 soils, 

3-8 

41307 

Sol  Ouc  gl* 

8-15 

41307 

undifferentiated 

Land  Capability  Unit  IVes08  (IVe7)  consists  of  moderately  deep  and  shallow,  moderately  well  drained,  moderately  coarse, 
and  medium  textured  glacial  terrace  soils  overlying  dense,  cemented  glacial  till.  Slopes  range  between  3 and  15  per- 
cent. Their  surfaces  consist  of  gravelly  sandy  loam  and  gravelly  loam  which  have  an  acidity  ranging  between  pH  5.1  and 
6.0.  Their  subsoils  consist  of  gravelly  sandy  loam  and  gravelly  loam  overlying  dense  cemented  gravelly  sandy  loam  gla- 
cial basal  till. 


Management  problems  are  the  control  of  erosion  and  sedimentation,  and  maintenance  of  soil  structure  and  productivity. 
While  most  of  these  soils  are  used  for  tf j production  of  wood  crops,  and  watershed  protection  for  reservoirs,  they  are 
suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  Where  used  for  agriculture,  the  soils  can  be  pro- 
tected against  erosion  and  deter iorat ion  by  growing  grasses  and  legumes  for  5 to  10  years,  with  small  grains  for  I year, 
prior  to  reestablishing  the  desired  grasses  and  legumes.  Shallow  soils  with  limited  water-holding  capacities  cause 
severe  limitations  for  sprinkler  irrigation. 

% AOP  % AOP  % AOP 

Happing  Unit  Slope  Code  Happing  Unit  Slope  Code  Happing  Unit  Slope  Code 

Skiyou  gl*  3-8  41308  Skiyou  gl  8-15  41308  Tokul  gsl  8-15  41308 

Land  Capability  Unit  IVes09  (IVe8)  consists  of  moderately  deep,  moderately  fine  textured  soils  overlying  cemented  gla- 
cial  till  and  compact  sands  or  bedrock  at  40  to  48  inches.  They  occur  on  old  upland  terraces,  with  slopes  ranging  be- 
tween 8 and  15  percent.  Their  surfaces  consist  of  medium  to  strongly  acid  loam,  gravelly  loam,  silt  loam,  and  fine 
sandy  loam.  Their  subsoils  consist  of  loam,  silty  clay  loam,  and  gravelly  sandy  loam  over  compact  to  strongly  cemented 
sandy  loam,  gravelly  sandy  loam,  or  fine  sandy  loam. 


Management  problems  are  erosion  and  sedimentation  hazards,  and  maintenance  of  soil  structure  and  productivity.  The 
soils  are  well  suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  Conservation  measures  necessary  to 
protect  the  soil  against  erosion  and  sediment  hazards  Include  growing  grasses  and  legumes  for  hay  and  pasture  5 to  10 
years,  with  oats  used  as  a cleanup  crop  prior  to  reestabl ishlng  desired  grasses  and  legumes.  The  soils  are  well  suited 
for  sprinkler  Irrigation,  and  supplemental  irrigation  during  periods  of  moisture  def Iclencies,  where  fertilizers  are 
used,  will  usually  Increase  crop  yields  to  near  their  potential. 


X 

AOP 

X AOP 

X AOP 

Happing  Unit 

Slop. 

Code 

Happing  Unit 

Slop.  Cod. 

fUpplog  Unit 

Slop.  Cod. 

Cathcart  gl 

3-8 

41309 

Giles  1 

8-15  41309 

Saxon  sll 

8-15  41309 

Cathcart  gl 

8-15 

" 

Giles  sll 

8-15  •• 

Shelton  gl 

8-15 

Cathcart  1 

8-15 

n 

Nordby  1 

3-8 

Shelton  gsl* 

8-15  " 

Giles  fsl 

8-15 

" 

Nordby  1 

8-15  " 

Land  Capability  Units  IVeslO.  II  llVe9)  consist  of  moderately  shallow,  moderately  well  and  well  drained,  medium  and 
moderately  coarse  textured  glacial  terrace  soils  on  3 to  15  parcent  slopes,  in  a climatic  zone  having  18  to  22  inches 
of  prec ipl tat  ion  annually.  Their  surfaces  are  sandy  loam  or  gravelly  sandy  loam.  Their  subsoils  consist  of  gravelly 
loam,  gravelly  sandy  loam,  or  sandy  loam,  overlying  cemented  basal  till  of  gravelly  clay  loam  and  gravelly  sandy  loam. 


Management  problems  include  the  control  of  erosion  and  reduction  of  sediment,  and  maintenance  of  soil  structure  and 
productivity.  These  soils  are  suited  for  growing  grasses,  legiaiws,  small  grains,  and  wood  crops.  The  conservation 
measures  required  to  prevent  soli  erosion  and  soli  deter loratlon  Include  growing  grasses  and  legumes  5 to  10  years, 
with  small  grains  1 to  2 years  to  establish  seedlngs.  Woodland  use  adequately  protects  the  land  against  accelerated 
soil  erosion,  except  for  areas  «rf\lch  have  been  recently  logged.  The  soils  ere  well  suited  for  Irrigation,  and  supple- 
mental Irrigation  during  periods  of  moisture  deficiencies,  where  fertilizers  are  used,  will  usually  Increase  crop 
yields  to  near  their  potential. 


San  Juan,  gsl, 
moderately  deep 


X AOP 
Slope  Code 

8-15  41311 


WPB'w  U"U 

Townsend  fsl 


X AOP 

S’°P«  iS*  WPPlna  unit 

3-8  41310  Towns.nd  ,1* 


X AOP 

Slop*  Cod. 

8-15  41310 
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Land  Capability  Units  IVes13.  16  (iValO)  consist  of  moderately  deop,  well,  end  moderately  well  drained  soils  overlying 
basalt .sandstone  or  schist  bedrock  at  24  to  60  Inches.  Their  slopes  range  between  8 and  15  percent.  Their  surface 
textures  consist  of  loam  and  silty  clay  loam,  and  their  subsoils  consist  of  loam,  shaly  loam,  clay  loam  and  silty  clay 
loam  ovbrlylng  bedrock. 

Management  problems  are  erosion  and  sediment  control,  and  maintenance  of  soli  structure  and  productivity.  The  soils 
are  Suited  for  growing  grasses,  legumes,  small  grains,  and  wood  crops.  Adequate  protection  against  accelerated  soil 
erosion  and  sediment  hazards,  and  maintenance  of  soil  structure,  may  be  accomplished  by  growing  grasses  and  legumes 
5 to  10  ybers,  followed  by  small  grains  I year,  to  reestablish  the  cover.  Supplemental  irrigation  during  periods  of 
moisture  deficiencies,  where  fertilizers  are  used,  Increases  crop  yields  to  near  their  potential. 


% 

ADP 

X 

ADP 

% 

ADP 

Mappinq  Unit 

Slop* 

Code 

Mapping  Unit 

slop. 

Code 

Mapping  Unit 

sioe. 

Code 

Heisler  shaly  1* 

8-1 S 

41313 

Melbourne  sicl- 

8-15 

41316 

Schnorbush  1 

8-15 

■•1313 

Melbourne  1 

8-15 

4?  316 

Olympic  sicl 

8-15 

M 

Tebo  1 

8-15 

41316 

Land  Capability  Units  IVwsOl . 02.  03  (iVwl)  consist  of  deep,  coarse,  and  moderately  coarse  textured  alluvial  soils. 
Their  surfaces  are  loamy  sandy  and  sandy  loams  which  overlie  sands  and  gravelly  sands.  The  flood  hazard  is  severe. 

Management  problems  are  wetness,  and  maintenance  of  soil  productivity.  This  conservation  management  group  of  soils  is 
best  suited  for  growing  grasses  end  legumes  for  hey  end  pasture,  or  trees  for  wood  crops.  Conservation  measures  suited 
for  protecting  these  soils  consist  of  growing  grasses  end  legumes  5 to  10  years,  with  peas  or  silage  corn  1 to  2 years 
to  reestablish  grass  and  legume  cover.  The  soils  ere  well  suited  for  growing  cottonwood  for  wood  crops.  They  have  low 
water-holding  capacities  and  require  frequent  irrigation;  however,  during  periods  of  moisture  deficiencies,  irrigation 
increases  crop  yields  to  near  their  potential. 

% A OP  % ADP 

Happing  Unit  Slope  Code  Mapping  Unit  Slope  Code 

Pi  1 chuck  ftl*  0-3  42301  Sultan  Is  0-3  42303 

Puyallup  I ft  0-3  42302 

Lend  Capability  Unit  IVws05  (IVw2)  consists  of  deep,  poorly  drained  soils  with  clay  or  silty  clay  surfaces  and  clay 
subsoils  and  substrata.  These  cl rcums tences  contribute  to  continuing  wetness  following  floodweter  recession. 

Management  problems  are  wetness,  end  maintenance  of  soil  productivity.  The  soils  ere  best  suited  for  growing  grasses 
and  legumes  for  pasture,  end  cane  berries.  Conservation  measures  required  to  maintain  these  soils  in  a moderate  to 
high  state  of  productivity  Include  growing  hey  and  pasture  5 to  10  years,  followed  by  cene  berries  7 to  10  years.  The 
soils  have  severe  limitations  for  irrigation;  however,  supplemental  Irrigation  during  periods  of  moisture  deficiencies, 
where  fertilizers  are  used,  may  increase  crop  yields  to  near  their  potential. 

% A0P  % ADP  % A0P 

Happing  Unit  Slope  Code  Mapping  Unit  Slope  Code  Mapping  Unit  Slope  Code 

Puget  c*  0-3  42305  Puget  sic  0-3  42305  Puyellup-Puget  Is  0-3  42305 

Lend  Capability  Unit  IVws06  (IVw3)  consists  of  shallow  (12  to  20  Inches  deep),  very  poorly  drained  organic  soils  made 
up  of  peats  end  mucks  overlying  silts,  sends,  clays,  and  gravelly  materials.  Their  quality  after  shrinkage  to  the  min- 
eral toil  materiel  depends  upon  the  nature  of  the  underlying  subsoil.  These  organic  soils  will  settle  or  shrink  at  the 
rate  of  about  one  Inch  per  year. 

Management  problems  ere  wetness,  end  maintenance  of  soil  productivity.  The  soils  ere  best  suited  for  growing  grasses 
end  legumes  for  hey  and  pasture.  However,  until  such  time  as  soil  settling  has  reduced  the  thickness  of  the  organic 
layer  to  about  12  Inches,  the  soils  are  suited  for  growing  vegetables  and  blueberries. 


X 

ADP 

X 

A0P 

X 

ADP 

Mapping  Unit 

Slop. 

Code 

slaw 

Jiode 

Mapping  Unit 

Slop. 

Code 

Carbondale  muck. 

0-3 

42306 

Rifle  peat,  shal low 

0-3 

42306 

Spalding  peat, 

0-3 

42306 

shallow 

Rifle  peet-6e II  Ingham 

3-8 

M 

burned  phase 

Carbondale  muck 

3-8 

*» 

sicl  complex 

Tacoma  peat 

0-3 

•i 

Dupont  muck 

0-3 

" 

Semlahmoo  muck. 

0-3 

ii 

Tacoma  muck,  shallow 

0-3 

n 

Me  Hurray  muck 

0-3 

" 

shal low* 

Tanwax  peat 

0-3 

•i 

Me  Hurray  peat,  shallow  0-3 

ii 

Semlahmoo-Tanwax 

0-3 

•i 

Tanwax  peat,  shallow 

0-3 

n 

Mukllteo  peat 

6-1S 

muck/  peat 

Mukllteo  peat,  shallow  0-3 


Land  Capability  Units  !Vws07.  08  (IVw4)  consist  of  moderately  shallow,  poorly  drained  basin  soils,  with  Iron  camented 
subsoils  and  cemented  or  dense  clay  substrata.  The  soils  occur  on  upland  and  terrace  basins  with  slopes  of  less  then 
3 percent.  Their  surfaces  consist  of  loams,  grave  fly  loams,  silt  loams,  gravelly  sandy  loams  end  loamy  sands.  Their 
subsoils  consist  of  Iron  cemented  sands  overlying  cemented  sand  or  glacial  clay  till.  They  art  subject  to  flooding  due 
to  ponding  during  periods  of  excess  precipitation. 

Management  problems  ere  wetness,  end  maintenance  of  soil  fertility.  Where  drained,  the  soils  are  suited  for  growing 
grasses,  legumes,  and  smell  grains.  Where  undralned,  they  ere  suited  for  greasing  Reed  cenerygress  end  similar  wetland 
grasses.  The  soil  structure  end  productivity  can  be  maintained  by  growing  grasses  end  legumes  5 to  10  years,  with  1 
year  of  smell  grains  to  reestablish  the  grass  end  legumes.  The  soils  ere  only  felrly  well  suited  for  supplemental 
Irr/getlon  during  period s of  moisture  deficiencies.  Irrigation,  along  with  the  use  of  fertilizers,  may  Increase  crop 
yields  to  near  their  potential. 

% ADP 

Happing  Unit  USES.  £<*• 

Cdmonds  Is  0-3  42308 

Koch  gl  0-3  " 
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im'na  V"11 

X 

Slop. 

AO. 

-422. 

Mapping  Unit 

X 

Slop. 

A0P 

Code 

Koch  9Sl 

0-3 

42308 

Schooley  1 

0-3 

42307 

Koch  si  I*  0-3 


Mapping  Unit 

Kline  si 
Mewberg  si 


0-3 

0-3 


42302 


Land  Capability  Units  IVws09.  10  (!Vw5)  consist  of  poorly  drained,  moderately  fine,  and  fine  textured  terrace  and  up- 
land basin  soils  overlying  restrictive  layers  at  depths  of  20  to  30  inches.  The  soils  are  subject  to  flooding  by  pond- 
ing during  periods  of  excess  precipitation. 

Management  problems  are  wetness,  and  maintenance  of  soil  structure  and  productivity.  The  soils  are  suited  for  growing 
grasses,  legumes,  and  small  grains.  They  are  fairly  well  suited  to  sprinkler  irrigation,  and  supplemental  Irrigation 
during  periods  of  moisture  deficiencies,  where  fertilizers  are  used,  may  increase  crop  yields  to  near  their  potential. 


% ADP 

% ADP 

% 

ADP 

Mappinq  Unit 

Slope  Code 

Mappinq  Unit 

Slope  Code 

Mappinq  Unit 

Slope 

Code 

Bel  1 Ingham  c 

0-3  42310 

Everson  cl 

0-3  42309 

Reed  c 

0-3 

42310 

Bellingham  sic* 

0-3 

McKenna  gl* 

0-3  " 

Reed  sicl 

0-3 

" 

Be  1 1 ingham  sicl 

0-3 

McKenna  gel 

0-3  " 

Skagit  sicl 

0-3 

" 

Buckley  cl 

0-3 

McKenna  1 

0-3 

Thornton  c 

0-3 

II 

Buckley  1 

0-3  " 

Orting  stsl 

0-3  " 

Thornton  sicl 

0-3 

II 

Land  Capability  Unit  IVwsll  (IVw6)  consists  of  moderately  shallow  to  shallow,  poorly  drained  and  imperfectly  drained, 
medium,  moderately  fine,  and  fine  textured  upland  terrace  soils,  on  slopes  of  less  than  8 percent.  Their  surfaces  con- 
sist of  loam,  gravelly  loam,  silt  loam,  silty  clay  loam,  and  fine  sandy  loam,  with  an  acidity  of  pH  5.1  to  6.0.  Their 
subsoils  consist  of  dense  plastic  clay,  silty  clay  loam,  or  loam,  and  their  substrata  are  dense  plastic  clay,  silty 
ciay,  or  silty  clay  loam.  These  soils  are  subject  to  flooding  by  ponding. 

Management  problems  are  wetness,  and  maintenance  of  soil  structure  and  productivity.  The  soils  are  best  suited  for 
growing  grasses,  legumes,  small  grains,  and  wood  crops.  Conservation  measures  necessary  to  maintain  these  soils  in- 
clude grass  and  legume  cover  for  5 to  10  years,  with  small  grains  for  I year  to  reestablish  a grass  and  legume  cover. 
Supplemental  Irrigation  during  periods  of  moisture  deficiencies,  where  fertilizers  are  used,  may  increase  crop  yields 
to  near  their  potential. 


% 

ADP 

% 

ADP 

% 

ADP 

Mappinq  Uni t 

Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Bow  1 

0-3 

42311 

Bow  gl* 

0-3 

42311 

Casey  1 

0-3 

423  n 

Bow  1 

3-8 

" 

Bow  si  1 

0-3 

it 

Klaber  sicl 

0-3 

" 

Bow  1,  shallow 

0-3 

" 

Bow  s 1 1 , shal low 

0-3 

•i 

Kopiah  1 

0-3 

" 

Bow  1-Bell ingham 

3-8 

" 

Bow  si  1 , shal low 

3-8 

it 

Kop i ah  sicl 

0-3 

" 

sicl  complex 

Casey  fsl 

0-3 

" 

Kop i ah  sil 

0-3 

" 

Land  Capability  Units  IVwsl2,  13  (!Vw7)  consist  of  moderately  deep,  moderately  well  drained,  moderately  fine  textured 
soils  overlying  cemented  glacial  lacustrine  substrata  material.  Their  surfaces  consist  of  silt  loams  and  silty  clay 
loams  which  have  an  acidity  of  pH  5.6  to  7*3.  Their  subsoils  consist  of  plastic  clay  loams  and  silty  clay  loams  *rfilch 
overlie  sticky  and  plastic,  densely  cemented,  silty  clay  loam  and  clay  loam. 

Management  problems  are  wetness,  and  maintenance  of  soil  structure  and  productivity.  The  soils  can  be  stabilized  and 
their  productivity  and  soil  structure  maintained  by  following  a rotation  of  growing  hay  and  pasture  5 to  10  years,  with 
small  grains  I year  as  a cleanup  crop  prior  to  reestablishing  desired  grasses  and  legumes.  Crops  grown  upon  these 
soils  respond  well  to,  appl (cations  of  barnyard  manure  and  comnerclal  fertilizers.  Supplemental  Irrigation  during  pe- 
riods of  deficient  moisture,  where  fertilizers  are  used,  will  usually  Increase  crop  yields  to  near  their  potential. 


% 

ADP 

% ADP 

% 

ADP 

Mapping  Unit 

Slope 

Code 

Mapping  Unit 

S 1 ope  Code 

Mapp i ng  Unit 

Slope 

Code 

Agnew-Elwha  sicl 

0-3 

42313 

Cloqual lum  s 1 1 

3-8  42312 

Kitsap  sicl 

0-3 

42312 

Agnew  sicl* 

3-8 

Land  Capabl 1 1 tv  U 

nit  1Vws43 

<IVw8) 

consists  of  moderately  deep, 

, moderately  wel 1 

drained,  moderately 

coarse  textured 

soils  on  cemented  glacial  till  terraces,  with  slopes  which  are  generally  less  than  3 percent.  Their  surfaces  consist 
of  silt  loam,  loam,  gravelly  loam,  gravelly  sandy  loam  and  fine  sandy  loam  with  an  acidity  of  pH  5.1  to  6.0.  Their 
subsoils  consist  of  gravelly  sandy  loam  overlying  gravelly  sandy  loam  cemented  glacial  till  substrata.  The  soils  are 
subject  to  seasonal  water  tables  in  their  profiles,  and  ponding  of  low  areas,  during  periods  of  excess  precipitation. 

Management  problems  are  wetness,  and  maintenance  of  soil  structure  and  productivity.  Conservation  measures  required 
are  crop  rotation  and  land  drainage.  Land  drainage  can  be  accomplished  by  light  land  smoothing  and  tile  drains  to  low 
wet  areas.  The  soils  are  suited  for  growing  grasses  and  legumes  with  rooting  depths  of  less  than  20  to  30  inches. 

They  can  be  adequately  protected  against  deterioration  of  productivity  and  structure  by  following  a rotation  of  growing 
grasses  and  legumes  5 to  10  years,  followed  by  1 year  of  small  grains  to  reestablish  desired  grasses  and  legumes. 

Crops  respond  well  to  Irrigation  during  periods  of  deficient  moisture,  and,  with  applications  of  manure  and  complete 
commercial  fertilizers,  crop  yields  may  approach  their  potential. 


% 

ADP 

% 

ADP 

X 

ADP 

Mappinq  Unit 

Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Mappinq  Uni t 

Slope 

Code 

Alder wood  gsl , 

0-3 

42343 

Bozarth  fsl* 

0-3 

42343 

Swan town  1 

0-3 

42343 

shal low 

Swan town  gl 

3-8 

ii 

Whidbey  gsl 

0-3 

" 

Land  Capability  Units  IVsOI.  10.12  (IVsl)  consist  of  somewhat  excessively  drained,  moderately  deep  and  deep,  coarse 
and  moderately  coarse  textured  glacial  outwash  soils,  on  slopes  of  less  than  15  percent  gradient.  Their  surfaces  con- 
sist of  slit  loam,  loam,  and  fine  sandy  loam;  some  are  gravelly.  Their  acidity  ranges  between  pH  5.1  and  6.5.  Their 
subsoils  consist  of  gravelly  sands  and  loamy  sands. 


1 28 


* 


Land  Capability  Units  > Vs0 1 , 10,  12  (IVsl)  ( Con .) 

The  primary  management  problem  Is  maintenance  of  soil  structure  and  productivity.  The  soils  are  suited  for  growing 
grasses,  legumes,  small  grains,  potatoes,  strawberries,  cane  fruits,  and  wood  crops.  Conservation  measures  required 
to  maintain  soil  structure  and  productivity  consist  of  growing  grasses  and  legumes  for  hay  and  pasture  5 to  10  years, 
with  1 year  of  small  grains  as  a cleanup  crop  prior  to  reestablishing  desired  grasses  and  legumes;  grasses  and  legumes 
for  hay  and  pasture  5 to  10  years,  with  oats  for  1 year  as  a cleanup  crop,  and  strawberries  3 to  4 years;  grasses  and 
legumes  5 to  10  years,  with  cane  fruits  7 to  10  years  and  annual  cover  crops  between  rows  of  cane  fruits;  or  grasses 
and  legumes  5 to  10  years,  small  grains  1 year  as  a cleanup  crop,  and  potatoes  or  vegetables  1 to  2 years.  Supple- 
mental irrigation  during  periods  of  moisture  deficiencies,  where  fertilizers  are  used,  may  increase  crop  yields  to 
near  their  potential. 


% 

A0P 

X 

ADP 

X 

ADP 

Mapp i ng  Unit 

Slope 

Code 

Mapp i ng  Unit 

Slope 

Code 

Mapping  Unit 

Slope 

Code 

Barneston  gfsl 

0-3 

43001 

Indianola  fsl 

3-8 

43001 

Snake lum  cosl 

0-3 

43010 

Barneston  gfsl 

8-15 

" 

Indianola  si 

0-3 

11 

Snoqualmle  gl 

3-8 

43001 

Barneston  gsl 

8-15 

Indianola  si 

3-8 

11 

Sol  Ouc  gl 

0-3 

" 

Barneston  sil 

3-8 

" 

Indianola  si) 

3-8 

ii 

Sol  Ouc  gsl 

0-3 

•• 

Bernhardt  gsl 

3-8 

" 

Lynden  gl 

0-3 

ii 

Spanaway  gsl* 

0-3 

43010 

Carlsborg  g) 

0-3 

<13010 

Lynden  gl 

3-8 

11 

Spanaway  gsl 

3-8 

" 

Corkindale  1 

0-3 

43001 

Lynden  gsl 

3-8 

11 

Spanaway  gsl 

8-15 

" 

Crescent  gl 

3-8 

" 

Lynden  si* 

3-8 

•1 

Townsend  1 

3-8 

" 

Everett  gl 

0-3 

" 

National  pumicy  | 

3-8 

43012 

Townsend  gl 

3-8 

43110 

Everett  gl 

3-8 

" 

National  pumicy  si* 

3-8 

" 

Townsend  si 

0-3 

43010 

Everett  gl 

8-15 

" 

Neptune  si 

0-3 

43001 

Tumwater  fsl 

0-3 

" 

Grove  gl 

0-3 

" 

Nisqually  Is 

3-8 

43010 

Tumwater  Ifs 

0-3 

" 

Grove  gl 

8-15 

" 

Ragnar  fsl 

3-8 

43012 

Grove  gl,  basin  phase 

0-3 

II 

Smith  Creek  gl 

3-8 

43001 

Land  Capability  Units 

IVseOS 

»_n,  13 

[ IVs2)  consist  of  somewhat 

excessively  drained,  deep,  coarse 

textured  glacial  ou 

wash  soils  on  slopes 

ranging  between 

1 and  15  percent  gradient. 

Their  surfaces 

consist  of  sandy 

loam,  fine  sandy  loai 

and  loamy  sand,  some  are  gravelly.  Their  subsoils  and  substrata  consist  of  loamy  sand  and  sand.  Their  acidity  ranges 
between  pH  4.5  and  6.5. 

Management  problems  are  maintenance  of  soil  productivity,  and  erosion  and  sediment  control.  The  soils  are  suited  for 
growing  grasses,  legumes,  alfalfa,  small  grains,  and  wood  crops.  The  conservation  measures  required  to  protect  the 
soil  against  deter l oration  and  erosion  consist  of  growing  grasses  and  legumes  5 to  10  years,  with  1 year  of  small 
grains  to  reestablish  the  desired  grasses  and  legumes.  Supplemental  irrigation  during  periods  of  moisture  def fc ienc ies , 
where  fertilizers  are  used,  may  increase  crop  yields  to  near  their  potential. 


X 

ADP 

% 

ADP 

X 

ADP 

Mappinq  Unit 

Slope 

Code 

Mappinq  Unit 

Slope 

8-15 

Code 

Mappinq  Unit 

Uses. 

8-15 

Code 

Indianola  fsl* 

8-15 

43105 

Lynden  gs  ? 

43105 

Ragnar  fsl* 

43113 

Indianola  Ifs 

8-15 

M 

Lynden  si 

8-15 

11 

Snake lum  cosl 

8-15 

43111 

Indianola  Is 

8-15 

" 

Lystair  fsl 

8-15 

Tumwater  Ifs 

8-15 

" 

Indianola  si 

8-15 

M 

Nisqually  Is 

8-15 

43111 

Land  Capab i 1 1 ty 

Units  IVsw06 

, 09  (IVs3)  consist  of  moderately 

deep,  moderately 

well  drained,  moderately 

coarse 

, and 

moderately  fine 

textured  glacial  terrace 

soils  overlying  cemented  glacial  till 

substrata.  Slopes  range 

between  0 and 

percent.  Their  surfaces  consist  of  gravelly  sandy  loams,  stony  loams  and  gravelly  silt  loams  with  an  acidity  which 
ranges  between  pH  5.1  end  6.0.  Their  subsoils  consist  of  gravelly  sandy  loam,  fine  sandy  loam,  and  silty  clay  loam 
overlying  cemented  substrata. 


Management  problems  are  maintenance  of  soil  productivity,  and  wetness.  The  soils  are  suited  for  growing  grasses,  leg- 
umes, small  grains,  cane  fruits,  and  wood  crops.  Conservation  measures  necessary  to  protect  the  soil  and  maintain  its 
productivity  consist  of  growing  grasses  and  legumes  4 to  10  years,  with  1 year  of  small  grains;  or  grasses  and  legumes 
4 to  10  years,  with  cane  fruits  7 to  10  years.  Supplemental  Irrigation  during  periods  of  moisture  deficiencies,  where 
fertilizers  are  used,  may  increase  crop  yields  to  near  their  potential. 


% 

A0P 

* 

A0P 

X 

ADP 

Mapp i ng  Unit 

Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Mapping  Unit 

Slope 

Code 

Alderwood  gsl* 

0-3 

43209 

Shelton  gsl 

3-8 

43209 

Whidbey  gsl* 

3-8 

43206 

Alderwood  gsl 

3-8 

ii 

Sinclair  gsl 

3-8 

43206 

Roche  stl 

3-8 

" 

Squal Icum  gsi 1 

0-3 

43209 

Land  Capab i 1 i ty  Units 

Vws21 

and  V Iws02 

(Vwl ) consist  of 

very  poorly  drained 

basin  soils  which  occur  behind  ridges  in 

coastal  beach  areas. 

These 

soils  have 

a high  water  table  that  remains  near 

the  surface  during 

most  of  the  year.  They 

lie  within  a few  hundred  feet  of  areas 

covered  by  tidal 

waves.  As  a 

result, 

, the  lower  part  of 

the  profile  is 

affected 

by  salt  water.  The  soil  surface  layers  are  dark  In  color,  and  overlie  coarse  textured  sediments  that  extend  to  depths 
of  many  feet.  The  vegetation  consists  of  sedges,  reeds,  and  grasses  that  tolerate  salt  water.  Most  of  the  area  Is 
Idle. 

The  primary  management  problem  is  the  very  wet  condition  of  the  soils  which  limits  their  use  to  growing  vegetation  that 
provides  wildlife  protection.  The  areas  are  best  suited  for  the  development  of  wildlife  reserves.  In  some  places, 
limited  grazing  is  practiced  during  periods  of  below-normal  precipitation.  The  soils  are  too  wet  and  salty  for  other 
uses. 


Mapping  Unit 

* 

Slope 

A0P 

Code 

Mapping  Unit 

X 

Slope 

ADP 

Code 

Mapping  Unit 

X 

Slope 

ADP 

Code 

Alluvial  complex 

0-3 

52321 

Hovde  1 

0-3 

62302 

Hovde  s 

0-3 

62302 

Hovde  gsl 

0-3 

M 

Hovde  Is 

0-3 

52321 

Hovde  slcl 

0-3 

52321 

129 


Land  Capability  Units  Vlesl8,  19.  22  and  V I s 1 9 (V lei ) consist  of  deep,  somewhat  excessively  drained,  moderately  coarse 
and  coarse  textured,  glacial  outwash  terrace  soils  on  rolling  and  hilly  topography,  with  slope  gradients  between  8 and 
30  percent.  The  surface  water  runoff  Is  medium  to  rapid,  and  the  erosion  hazard  is  severe. 

Management  problems  are  erosion,  and  soil  droughtiness.  Where  cleared,  the  soils  are  suited  for  growing  grasses, 
legumes,  and  wood  crops.  The  land  should  be  cultivated  only  to  the  extent  necessary  to  establish  or  reestablish  grass 
and  legume  cover.  Erosion  and  droughtiness  make  the  soils  better  suited  for  permanent  vegetation  or  pasture,  wood 
crops,  wildlife,  and  recreational  uses  than  for  rotation  cropland. 


X 

ADP 

% 

ADP 

% 

ADP 

Mapping  Unit 

Slop. 

Code 

Mapping  Unit 

Slope 

Code 

Mapping  Unit 

Slope 

Code 

Barneston  gfsl 

15-30 

61319 

Fitch  gsl 

8-15 

63019 

Klaus  gsl 

15-30 

61322 

Barneston  gls 

15-30 

" 

Fitch  gsl 

15-30 

61319 

Klaus  si 

15-30 

" 

Barneston  gsl- 

15-30 

•• 

Grove  cobbly  si 

15-30 

*• 

Lystair  Is 

8-15 

61319 

WUkeson  sll 

Grove  gsl 

15-30 

" 

Lystair  si 

15-30 

II 

complex 

Grove  vgsl 

15-30 

11 

Lynden  Is 

15-30 

II 

Barneston  si  1 

15-30 

" 

Hoyp  s cosl 

15-30 

61322 

Lynden  s 1 

15-30 

II 

Barneston  stsil 

8-15 

" 

Hoypus  gls 

15-30 

" 

Skykomlsh  cobbly  si 

15-30 

• 1 

Bernhardt  gstl 

15-30 

it 

Indlanola  fst 

15-30 

61319 

Skykomish  gsl 

15-30 

II 

Chimacum  gl 

15-30 

61322 

Indianola  Is 

15-30 

11 

Smith  Creek  gl 

15-30 

II 

Ch  imacum  gs 1 

15-30 

ii 

Indlanola  si 

15-30 

•• 

Thornwood  gl 

8-15 

• 1 

Chimacum  vgls 

15-30 

ii 

Jol ley  vgl 

15-30 

" 

Thornwood  gl 

15-30 

II 

Corkindale  1 

15-30 

61319 

Keystone  Is 

15-30 

61322 

Thornwood  gs 1 

15-30 

Everett  gls 

15-30 

" 

Kickervi lie  sll 

15-30 

61319 

Tumwater  lf$ 

15-30 

61318 

Everett  gsl 

15-30 

ii 

Klaus  gl 

15-30 

61322 

Land  Capability  Units  Vlew2l,  23.  26  (Vle2)  consist  of  moderately  deep  to  shallow,  moderately  well  drained,  moderately 
coarse,  medium,  and  moderately  fine  textured  glacial  terrace  upland  soils  overlying  cemented  glacial  till  and  bedrock. 
The  soils  occur  on  undulating  and  hilly  topography,  with  slope  gradients  ranging  from  3 to  30  percent.  The  surface 
water  runoff  Is  rapid,  and  the  erosion  hazard  Is  moderate  to  severe. 

Management  problems  are  erosion,  and  wetness  which  is  evident  by  seeps  and  wet  basins.  The  soils  are  suited  for  grow- 
ing grasses,  legumes,  and  wood  crops.  Continuous  grass,  legume  or  woodland  cover  is  necessary  to  adequately  protect 
the  soils  against  very  severe  erosion  and  sediment  sources,  to  protect  the  water  quality  of  the  streams,  and  to  sta- 
bilize the  hydrology  of  the  watersheds.  The  soils  should  be  cultivated  only  to  the  extent  necessary  to  reestablish 


grass,  legume. 

or  woodland  cover. 

Generally,  the  soils 

are  best  suited  for 

woodland,  wildlife,  and  recreational  pur 

poses. 

% 

ADP 

% 

ADP 

X 

A0P 

Mappinq  Unit 

Slope 

Code 

Mapping  Unit 

Slope 

Code 

Mapp i ng  Unit 

Slope 

Code 

Agnew  f s 1 

15-30 

61223 

Delphi  gl 

15-30 

61221 

Sinclair  gfsl 

15-30 

61226 

Agnew  si 

15-30 

H 

Elwha  1 

15-30 

61223 

Sinclair  gl 

15-30 

ii 

Agnew  slcl 

15-30 

** 

Hale  sll 

15-30 

61221 

Sinclair  gs 1 

15-30 

" 

Aiderwood  fsl 

15-30 

61221 

Heisler  gl 

8-15 

II 

Sinclair  shotty  1 

15-30 

11 

Alderwood  gl 

15-30 

M 

He  is  ter  gl 

15-30 

II 

Skiyou  gl 

15-30 

11 

Aiderwood  gsl 

15-30 

" 

Heisler  shaly 

15-30 

II 

Squal 1 cum- Alderwood 

15-30 

61221 

Alderwood  gsl, 

15-30 

Heisler  stl 

15-30 

II 

sll 

shal low  phase 

Kapowsln  gel 

15-30 

II 

Squal icum-Alderwood 

15-30 

" 

Alderwood  1 

15-30 

Kapowsin  gl 

15-30 

II 

stsil 

Alderwood  Is 

3-8 

" 

Kapowsln  gsl 

15-30 

II 

Squal leum  gs 1 1 

15-30 

Alderwood  Is 

15-30 

" 

Kitsap  gl 

15-30 

• I 

Squal icum  s i 1 

15-30 

" 

Alderwood  stl 

3-8 

Kitsap  sll 

15-30 

• 1 

Squal icum  stsil 

15-30 

M 

Alderwood  stl 

8-15 

" 

Labounty -McKenna  sll  15-30 

II 

Swan town  gsl 

0-3 

61226 

Alderwood  stl 

15-30 

• 1 

Oso  1 

8-15 

• I 

Swan town  gsl 

3-8 

« 

Clallam  gsl 

15-30 

61223 

Oso  1 

15-30 

II 

Swan town  gsl 

8-15 

II 

Cloqual lum  sll 

15-30 

61221 

Oso  1 

3-8 

II 

Whidbey  gsl 

15-30 

" 

Colvos  fsl 

3-8 

" 

Prather  slcl 

15-30 

II 

Wllkeson  sll 

15-30 

6(221 

Col vos  fsl 

15-30 

(1 

Qui  Icene  sic! 

15-30 

• I 

Wllkeson  1 

15-30 

•• 

Colvos  fsl- 

3-8 

II 

Roche  gl 

15-30 

II 

Everett  gsl 

Roche  stl 

15-30 

• I 

Colvos  fsl- 

15-30 

** 

Roche  stsi 

8-15 

II 

Everett  gsl 

Schnorbush-Morme  sll  8-15 

II 

Land  Capability 

tl«»7. 

20.  21.  23.  26.  end  VI, 16 

_fyiej)  consist  of  moderately  deep  to  shallow, 

moderately  well 

drained,  moderate  I y coarse . mad i urn,  and  moderately  fine  textured  glacial  terrace  upland  soils  overlying  cemented  gla- 
cial till  and  bedrock.  The  soils  occur  on  undulating  and  hilly  topography,  with  slope  gradients  ranging  from  3 to 
30  percent.  The  surface  water  runoff  It  rapid , and  the  erosion  h siard  Is  moderate  to  severe. 

Management  problems  are  sedimentation,  water  quality,  erosion,  and  maintenance  of  soil  structure  and  productivity,  with 
the  exception  of  Moodsport  gravelly  sandy  loam,  0 to  3 percent  slopes,  which  has  a problem  of  soil  maintenance  oniy. 

The  soils  ere  suited  for  growing  grasses,  legumes,  and  wood  crops.  Continuous  grass,  legume,  or  woodland  cover  is 
necessary  to  adequately  protect  the  soils  against  a very  severe  erosion  hazard.  The  soils  should  be  cultivated  only  to 
the  extent  necessary  to  reestablish  grass  and  legume  cover.  While  grasses  and  legumes  are  grown  on  these  soils,  they 
are  better  suited  for  wood  crop  production,  wildlife  and  recreational  purposes. 


■ 


Land  Capab i 1 i ty 

Units  Vies  17 

. 20,  21. 

21.  2U.  and  V Is  16  (VI.3) 

(Con.) 

% 

AOP 

i 

AOP 

% 

AOP 

Mappinq  Unit 

Slope 

Code 

Mapp I nq  Unit 

Slop. 

Code 

Mapping  Unit 

Slope 

Code 

Cathcart  gl 

15-30 

61320 

G i les  s 1 1 , g sub- 

15-30 

61320 

Hoodsport  vgsl 

8-15 

61324 

Cathcart  gsil 

15-30 

" 

soil  phasa 

Hoodsport  vgsl 

15-30 

•• 

Cathcart  1 

15-30 

" 

Mars  tine  gsl 

8-15 

H 

San  Juan  stl 

15-30 

6131? 

Cathcart  stl 

8-15 

" 

Harstine  qsl 

15-30 

II 

Saxon  s i 1 

15-30 

61320 

Cathcart  stl 

15-30 

it 

Helsler  ol 

3-8 

II 

Schnorbush  1 

15-30 

" 

Clal lam  gl 

15-30 

61323 

Hoodsport  gsl 

0-3 

63016 

Shelton  gsl 

15-30 

61324 

Oabob  vqsl 

3-8 

61320 

Hoodspor t gsl 

8-15 

61324 

Tan (no  gsl 

15-30 

61321 

Dabob  vgs 1 

15-30 

" 

Hoodsport  qsl 

15-30 

•• 

Townsend  si 

15-30 

61317 

Giles  fsl 

15-30 

" 

Hoodsport  stsl 

8-15 

ii 

Giles  1 

15-30 

Hoodsport  stsl 

15-30 

M 

Land  Capability  Unit  Vles25  (VleM  consists  of  soils  and  land  forms  that  are  extremely  variable  in  depth.  They  range 
from  very  shallow  to  deep,  and  overlie  bedrock  consisting  of  sandstone,  basalt,  and  shale.  Slopes  of  the  area  range 
between  3 and  30  percent.  Tb»*  surface  water  runoff  Is  rapid,  and  the  erosion  hazard  is  moderate  to  severe. 

Management  problems  are  erosion,  sed imentat ion,  hydrology,  maintenance  of  soil  structure,  and  water  intake.  The  soils 
are  suited  for  growing  grasses  and  legianes  for  hay  and  pasture,  and  wood  crops.  Generally,  the  lands  are  used  for  wood 
crop  production.  Where  used  for  hay  and  pasture,  they  can  be  protected  against  erosion  and  deter lorat ion  by  growing 
ar asses  and  legumes  until  such  ti>^»  as  the  grasses  and  legumes  require  renovation  of  reseeding.  However,  they  are  best 


suited  for  wood 

crop  production,  wildlife,  and  recreational 

purposes. 

% 

AOP 

% 

AOP 

t 

AOP 

Mapp i nq  Unit 

Slope 

Code  Mapp i nq  Unit 

Slope 

Code 

Mapping  Unit 

Slop. 

Code 

a«  tor ia  s i 1 
Astoria  si  1 

8-15 

15-30 

61325  Melbourne  stl 

" Olympic  sicl 

15-30 

15-30 

61325 

Rough  mountainous 
land 

15-30 

61325 

Marb lemount  stl 

15-30 

" Olympic  stcl 

8-15 

11 

Tebo  gl 

8-15 

" 

Melbourne  1 

0-3 

" Olympic  stcl 

15-30 

Tebo  gl 

15-30 

" 

Melbourne  1 
Melbourne  sicl 
Melbourne  stl 

3-8 

15-30 

8-15 

" Pickett  r outcrop 

" complex 

H 

15-30 

Tebo  I 

15-30 

Land  C«P»t>l  I i tv  Unit  Vles27  (Vle5 ■ consists  of  soils  that  are  variable  In  depth,  rocky,  or  very  gravelly,  with  moderate 
».  to  steep  slopes  between  8 and  ju  r-rcent.  They  have  formed  on  conglomerate,  granite  or  serpentine  rocks  in  areas  of 

high  rainfall. 

Management  problems  are  erosion  *«d  sedi-vnt  control , and  maintenance  of  soil  structure.  The  soils  are  suited  for 
growing  grasses  and  legumes  for  hev  and  pasture,  and  for  wood  crop  production.  Generally,  the  lands  are  best  suited 
for  wood  crop  production,  wildlife  and  recreational  uses,  and  watershed  protection.  Where  used  for  hay  and  pasture, 
the  soils  can  be  protected  against  erosion  and  deter lorat Ion  by  maintaining  them  in  grasses  and  legumes  until  such 


time  as  these 

crops 

require 

% 

renovation 

AOP 

or  reseeding. 

X 

AOP 

% 

AOP 

Mapping  Unit 

Slope 

Code 

Mappinq  Unit 

Slope 

Code 

Mapping  Unit 

Slope 

Code 

Discovery  Bay 
Discovery  Bay 

gsl 

gsl- 

15-30 

15-30 

61327 

it 

Fidel go  rl 
Fldalgo  rl 

8-15 

15-30 

61327 

Rocha-rock  complex 

15-30 

61327 

r outcrop  complex  Olele  vgsll  15-30 


Land  Capability  Unit  View28  (Vle6)  consists  of  shallow  and  moderately  deep  (20  to  36  inches),  poorly  and  imperfectly 
drained,  moderately  fine,  and  fine  textured  soils  overlying  dense  glacial  clay  till.  They  occur  on  rolling  to  steep 
topoqraphy,  with  slope  gradients  ranging  between  3 end  30  percent.  The  surface  water  runoff  is  rapid,  and  the  erosion 
ha. ard  Is  severe.  Free  water  accumulates  ?n  the  soil  over  the  dense  basal  till,  and  may  move  laterally  and  surface 
as  seep  spots  at  lower  elevations. 

Management  problems  are  erosion,  sedimentation,  and  wetness.  The  soils  are  suited  for  growing  grasses,  legumes,  and 
w^od  crops.  Areas  seeded  to  grasses  and  leoumes  should  remain  In  this  type  of  cover  until  such  time  as  the  seeding 
deteriorates  and  needs  renovation.  The  soils  should  then  be  cultivated  only  to  the  extent  necessary  to  reestablish 
the  grass  and  lequme  co»»er.  The  soils  are  well  suited  for  wood  crop  production,  wildlife,  and  watershed  protection. 

y AOP  % AOP  X AOP 


Mapp I nq  Unit 

jop« 

Code 

Mapping  Unit 

Slop. 

Coda 

Mapping  Unit 

Slop. 

tfW 

Bow  cl 

15-30 

61228 

Bow  si  1 

15-30 

61228 

Cove  land  stsl! 

8-15 

61221 

Bow  gl 

15-30 

it 

Bow  stsil 

3-8 

11 

Stossal  stl 

15-30 

II 

Bow  gsll 

15-30 

it 

Casey  fsl 

15-30 

M 

Whatcom  stl 

15-30 

M 

Bow  1 

15-30 

" 

Casey  1 

15-30 

II 

Land  ct.ni111  . Unit  Vhsl9  (Vlwl)  consists  of  excessively  drained,  coarse  textured  alluvial  soils,  subject  to  frequent 
overbank  /low  flooding.  Their  surfaces  consist  of  sands,  loamy  sands,  fine  sands,  loamy  fine  sands,  gravelly  loamy 
sands,  sandy  loams  and  loams,  with  an  acidity  ranging  from  pH  5.1  to  6.5.  Their  subsoils  are  coarse  textured  sands, 
and  they  overlie  sands,  or  gravelly  and  cobbly  sands. 

Management  problems  are  wetness  from  overbank  flow  flooding  and  stabl 1 1 ration  of  soils  against  streambenk  erosion.  The 
soils  are  suited  for  wildlife  end  recreational  uses.  However,  the  lend  Is  best  suited  for  growing  cottonwood,  which 
is  one  of  the  most  effective  means  of  stabilising  the  soils  against  streambenk  erosion  and  channeling.  Areas  protected 
by  levees  are  suited  for  growing  grasses  and  legumes  for  hay  and  pasture.  Grasses  an.  legumes  should  remain  as  e per- 
manent cover  on  the  land  until  such  time  as  renovation  Is  necessary. 
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% 


ADP 


1 ng  Unit 


land  Capabili 

tv  Unit  Vlws19 

(V Iwl ) (Con. 

.) 

Mapp i nq  Unit 

X 

Slop. 

ADP 

Code 

Mapp ing  Unit 

Edqewick  s 

0-3 

82319 

Nrwberg  1 f s 

Juno  gsl 

0-3 

" 

Newberg  Is 

Juno  1 

0-3 

" 

Pilchuck  fs 

Juno  Is 

0-3 

Pi  Ichuck  gls 

Juno  si 

0-3 

•1 

Pilchuck  Ifs 

% 

ADP 

% 

ADP 

Slope 

Code 

Mapp  1 ng  l 

Jnit  Slope 

Code 

0-3 

82319 

Pi  Ichuck 

Ifs,  shallow  0-3 

62319 

0-3 

" 

Pi  Ichuck 

Is  0-3 

11 

0-3 

0-3 

0-3 

M 

PI  Ichuck 

si  0-3 

land  Capability  Units  Vls10..12,  13.  and  Vise  13  (Vlsl)  consist  of  d«ep,  somewhat  excessively  drained,  moderately 
coarse,  and  coarse  te-tured  qlaci>*l  outwash  soiis  on  slope  gradients  generally  of  less  than  8 percent.  Their  subsoils 
consist  of  sands  and  loamy  sands,  some  have  gravel,  cobbles  and  stones  mixed  through  the  sands.  The  surface  water  run- 
off is  slow,  and  the  erosion  ha/ar  is  sliaht. 


The  primary  management  problems  are  maintaining  soil  structure  and  water  intake  rates.  Minor  areas  of  soils  on  8 to  IS 
percent  slope  have  been  included  because  the  recommended  management  will  control  erosion  and  sediment  on  soils  with 
rapid  permeab i I i t las.  The  soils  are  fairly  well  suited  for  growing  grasses,  legumes,  and  wood  crops.  Grasses  and  leg- 
umes should  be  permanent,  with  only  sufficient  cultivation  to  reseed  desired  grasses  and  legumes.  Generally,  under 
common-level  nanagement,  the  yields,  vdiere  harvested  for  hay,  range  between  1.5  and  1.8  tons  per  acre,  low  water  - 
holding  capacities  seriously  limit  production  of  hay  or  other  crops,  and  yields  are  low  on  these  soils.  Water  re- 
quirements are  high,  and  crop  yields  are  too  low  to  fully  justify  Irrigation  for  top  production  under  1968  economic 


conditions.  The 

soils  are 

well  suited 

for  wildlife  and 

r.crg.t lon.l 

uses. 

X 

ADP 

X 

A0P 

X 

ADP 

Mapp ing  Unit 

Slope 

Code 

Mapping  Unit 

Slop. 

Cod. 

Mapping  Unit 

slop. 

Code 

Carlsborg  gsl 

0-3 

63010 

Greenwater  Is 

8-15 

63113 

Klaus  gl 

8-15 

63113 

Chimacum  gl 

3-8 

63012 

Hoy pus  cosl 

0-3 

63012 

Klaus  gsl 

0-3 

63012 

Chimacum  gsl 

3-8 

" 

Hnypus  cosl 

8-15 

63013 

Klaus  gsl 

3-8 

11 

Chimacum  vqls 

8-is 

83113 

M'-ypus  gls 

0-3 

63012 

Klaus  gsl 

8-15 

63113 

Cispus  pumicy  si 

0-3 

63012 

Hoypus  gls 

3-8 

" 

Klaus  si 

0-3 

63012 

Dick  Is  complex 

3-8 

" 

Hoypus  gls 

8-15 

63013 

Klaus  si 

3-8 

it 

Dick  Is 

8-15 

63113 

Keystone  fsl 

0-3 

63012 

Klaus  si 

8-15 

63013 

Greenwater  Is 

0-3 

63012 

Keystone  Is 

0-3 

" 

Neptune  gsl 

3-8 

63010 

Greenwater  Is 

3-8 

" 

Keystone  Is 

8-15 

63113 

Pondilla  fs 

0-3 

63012 

Greenwater  s 

3-8 

" 

Klaus  gl 

0-3 

63012 

Ragnar  fsl 

15-30 

63113 

Greenwater  si 

0-3 

" 

Klaus  gl 

3-8 

" 

land  Capability  Units  VIsOI.  1 4 . 1 8 > and  VIsclS.  17  (V1s2)  consist  of  moderately  deep,  excessively  drained,  gravelly 
soils  in  the  high  rainfall  area  (50  to  70  inches).  Most  slopes  are  less  than  8 percent.  Surface  soils  are  sandy  loams 
and  loamy  sands;  some  are  gravelly.  Subsoils  are  very  gravelly  sandy  loams  or  loamy  sands.  The  surface  water  runoff 
is  slow,  and  the  erosion  hazerd  Is  slight,  except  on  slopes  of  8 to  15  percent,  vrfmre  it  Is  moderate. 

The  primary  management  problems  are  maintaining  soli  structure  and  water  intake  rates.  These  soils  are  fairly  well 
suited  for  growing  grasses,  legumes,  and  wood  crops.  Grasses  and  legumes  should  be  permanent,  with  only  sufficient 
cultivation  to  reseed  desired  grasses  and  legumes.  Generally,  under  convnon- level  management,  the  yields  where  harvested 
for  hay  range  between  1.5  and  1.8  tons  per  acre,  low  water-hold ing  capacities  seriously  limit  production  of  hay  or 
other  crops,  and  yields  are  low  on  these  soils.  Water  requirements  are  high,  and  crop  yields  are  too  iow  to  fully 
justify  Irrigation  for  top  production  under  1968  economic  conditions.  While  rapidly  permeable  soils  on  8 to  15  percent 
slopes  are  included  here,  the  recommended  management  practices  are  adequate  to  protect  the  land  against  erosion  and 
sedimentation.  The  soils  are  well  suited  for  wildlife  and  recreational  uses. 


X 

ADP 

X 

ADP 

X 

ADP 

Hopping  Unit 

slop. 

Code 

Mapping  Uni t 

Slop. 

Code 

Mapping  Unit 

Slop. 

Code 

Barneston  gls 

8-15 

63117 

Grove  stsl 

0-3 

63014 

Skykomlsh  cobbly 

si 

0-3 

63018 

Everett  cobbly  si 

0-3 

63018 

Grove  vgsl 

3-8 

•1 

Skykomlsh  cobbly 

si 

3-8 

" 

Everett  gls 

0-3 

m 

Indlanole  Is 

o-3 

63018 

Skykomlsh  cobbly 

si 

8-15 

11 

Everett  gls 

3-8 

it 

Indianola  Is 

3-8 

" 

Skykomlsh  gl 

3-8 

" 

Everett  gls 

8-15 

" 

Indlanole  si -Roche 

3-8 

•• 

Skykomlsh  gsl 

3-8 

" 

Everett  gsl 

0-3 

11 

1 complex 

Skykomlsh  gsl 

8-15 

" 

Everett  gsl 

3-8 

ii 

Indianola  si -Roche 

8-15 

63117 

Snoqualmle  gls 

3-8 

63001 

Everett  gsl 

8-15 

63117 

1 complex 

Snoqualmie  gsl 

3-8 

" 

Fitch  gsl 

0-3 

63001 

Lynden  Is 

0-3 

63018 

Snoqualmle  gsl. 

3-8 

" 

Fitch  gsl 

3-8 

" 

lynden  Is 

3-8 

" 

terrace  phase 

Grove  cobbly  si 

0-3 

6301k 

lynden  Is 

8-15 

63117 

Thornwood  gl 

0-3 

63018 

Grove  cobbly  si 

8-IS 

63115 

Lynden  si 

0-3 

63018 

Thornwood  gl 

3-8 

•1 

Grove  gsl 

0-3 

6301k 

Lystair  Is 

3-8 

6301k 

Thornwood  gsl 

0-3 

11 

Grove  gsl 

1-8 

11 

Lystalr  si 

3-8 

•1 

Thornwood  gsl 

3-8 

11 

Grove  gsl 

8-15 

63115 

Lys'air  si 

8-15 

63115 

Thornwood  gsl 

8-15 

63117 

land  Capebllitv  Units  Vts21  and  Vlse71  (Vls3)  consist  of  moderately  deep,  moderately  coarse  or  coarse  textured,  ex- 
cessively drained  sot • formed  in  grave  I ly  outwash  or  alluvium.  Surface  soils  are  dark  colored  sands,  gravelly  loams, 
or  sandy  or  stony  loam'  relatively  high  in  organic  matter.  Subsoils  are  very  gravelly  loams,  sandy  loams,  or  loamy 
sands  with  rapid  permeabilities.  Runoff  Is  slow,  and  wind  and  water  erosion  hazards  are  slight. 

The  primary  management  problems  aru  maintenance  of  soil  structure  and  water  intake  rates.  Slight  erosion  and  sedimenta- 
tion may  be  problems  on  hilly  areas,  however,  the  recommended  conservation  measures  adequately  protect  soils  against 
deterioration.  The  soils  are  fairly  well  suited  for  growing  grasses,  legumes,  and  wood  crops.  Grasses  end  legumes 
should  be  permanent,  with  only  sufficient  cultivation  to  reseed  them.  Generally,  under  common- leva  I management,  the 
yields,  where  harvested  for  hay,  range  between  1.5  and  1.8  tons  per  acre.  Low  water-holding  capacities  seriously  limit 
the  production  of  hay  or  other  crops,  and  yields  are  low  on  these  soils.  Water  requirements  are  high,  and  crop  yields 
are  too  low  to  fully  Justify  Irrigation  for  top  production  under  1988  economic  conditions.  The  soils  are  well  suited 
for  wildlife  and  recreational  uses. 
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Lend  Capability  Units 

V 1 s2 1 

and  V Isa21 

(»UJ)  (Con.) 

X 

AOP 

X AOP 

X 

AOP 

Mapping  Unit 

Slooo 

Coda 

IMopIna  Unit 

Slow  Cod. 

Mapping  Unit 

slop. 

Code 

Carstairs  gl 

0-J 

63021 

San  Juan  gsl 

J-8  6J021 

Spanaway  gsl 

1 5- JO 

63121 

Nitgually  s 

J-J 

" 

San  Juan  gsl 

I5-J0  8J121 

Spanaway  stl 

0-J 

63021 

San  Juan  cosl 

0-J 

M 

San  Juan  stsl 

J-15  " 

Spanaway  stl 

8-15 

ii 

San  Juan  cpsI 

8-15 

Ii 

San  Juan  stsl 

15-J0  " 

Land  Capability  Units  Vllew30.  33  (VI  lei)  consist  of  w«||  drained  end  moderately  well  drained,  moderately  deep,  deep, 
and  shallow  soils  overlying  bedrock,  cemented  glacial  till  or  dense  lacustrine  materials,  all  of  which  limit  root  and 
water  penetration.  The  soils  occur  on  steep  slopes  *d»lch  generally  exceed  30  percent  gradient.  Their  surfaces  consist 
of  medium,  moderately  coarse,  or  moderately  fine  textured  soils.  Same  have  stony  and  rocky  phases.  Their  subsoils 
consist  mostly  of  medium  and  moderately  fine  textured  materials  or  stony  and  rock  phases  which  grade  Into  the  under- 
lying substrata  of  cemented  glacial  till,  dense  lacustrine  materials  or  bedrock  at  depths  ranging  from  less  than  1 foot 
to  5 feet  or  more.  The  surface  water  runoff  is  rapid,  and  the  erosion  hazard  is  severe. 

Management  problems  are  erosion  and  sedimentation,  and  wetness,  which  may  occur  as  a seasonal  water  table,  or  as  seep 
areas.  The  soils  are  best  suited  for  growing  Oouglas-flr,  western  hemlock  and  red  alder  for  wood  products.  They  are 
too  steep  for  other  agricultural  uses.  They  are  well  suited  for  wildlife  and  recreation.  Woodland  cover  and  careful 
management  are  necessary  on  steep  and  very  steep  slopes  to  prevent  erosion  and  sedimentat ion,  and  to  maintain  water 
quel  I ty. 
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Slow 

Code 

H.pp 1 ng  Onlt 

Slop. 

Coda 

Alderwood  gl 

J0-45  712  JO 

Discovery  Bey  vgsl 

I5-J0 

71230 

Oso  1 

J0-45 

71230 

Alderwood  gsl 

J0-45  " 

Oiscovery  Bey-rock 

JO-45 

" 

Prather  slcl 

30-45 

71233 

Col vos  fsl 

JO-45 

outcrop  complex 

Qui Icene  slcl 

30-45 

71230 

Col vos- rock  out- 

30-45 

Jolley  vgl 

30-45 

11 

Squel icum  gs 1 1 

30-45 

" 

crop  complex 

Kitsep  s 1 1 

30-45 

n 

Squel Icum  si  1 

30-45 

ii 

Land  Capability  Units  VlleslO.  34  (Vlle2)  consist  of  well  drained  and  moderately  well  drained,  moderately  deep,  deep, 
and  shallow  soils  overlying  bedrock,  cemented  glacial  till,  or  dense  lacustrine  materials,  all  of  sdilch  limit  root  and 
water  penetration.  The  soils  occur  on  steep  slopes  trfilch  generally  exceed  30  percent  gradient.  Their  surfaces  consist 
of  medium,  moderately  coarse,  or  moderately  fine  textured  soils.  Soma  have  stony  and  rocky  phases.  Their  subsoils 
consist  mostly  of  medium  and  moderately  fine  textured  materials  or  stony  and  rock  phases  which  grade  Into  the  under- 
lying substrata  of  cemented  glacial  till,  dense  lacustrine  materials  or  bedrock  at  depths  ranging  from  less  than  1 foot 
to  5 feet  or  more.  The  surface  water  runoff  is  rapid,  and  the  erosion  hazard  is  severe. 


Management  problems  are  erosion  and  sediment  control,  and  maintenance  of  soil  structure  and  water  Intake  rates.  The 
land  is  too  steep  for  agricultural  uses,  other  than  for  growing  Oouglas*fir,  western  hemlock  and  red  alder  for  wood 
produces.  The  soils  are  s ultod  for  wildlife,  recreational  and  watershed  protection  purposes. 


% AOP 

ii2£t  Cg* 


X AOP 
Slope  Code 


WlJfl  Mali 


% AOP 
Slope  Code 


Oiscovery  Bey  gsl  30-4$  71 330 

Oiscovery  Bay  vgsl  30-4$  " 


Hoy pus  gls 
Sinclair  gsl 


30-45  71334  Sklyou  gl 

30-45 


30-45  71334 


Land  Capability  Units  Vllew31.  32  (Vlle3)  consist  of  moderately  deep  and  deep,  well  and  moderately  well  drained  soils, 
on  upland  marine  terraces  and  glacial  til  I with  slopes  over  30  percent.  The  surface  soils  are  medium  to  moderately 
fine  textured,  and  the  subsoils  are  compact,  fine  and  medium  textured  materials.  The  runoff  Is  rapid,  and  the  erosion 
hazard  Is  severe. 


Management  problems  are  control  of  erosion  and  sedimentation,  and  wetness,  which  occurs  as  excess  water  In  the  soil 
profiles  overlying  restrictive  layers.  The  soils  are  best  suited  for  growing  Oouglas-flr,  western  hemlock  and  red 
alder  for  wood  products.  Except  for  woodlands,  wildlife,  recreation,  and  watershed  protection,  the  soils  are  too  steep 
for  agricultural  uses. 

% AOP  % AOP  % AOP 
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Slow 

Cob. 
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30-45 
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7I2JI 

7I2J2 

Whatcom  sll 

30-45 

71*31 

Land  Capability  Unit  Viles33  (VI  i* 4)  consists  of  deep,  well  drained,  moderately  fine  and  medium  textured  soils  on  steep 
slopes  over  30  percent.  The  subsol  1 s are  moderately  fine  textured;  some  ere  gravelly.  The  runoff  Is  rapid,  end  the 
erosion  hazard  Is  severe. 

Management  problems  are  erosion  and  sediment  control,  and  maintenance  of  soli  structure  end  water  Intake  rates.  These 
soils  are  best  suited  for  growlnq  Oouglas-flr,  western  hemlock  and  red  alder  for  wood  products,  end  for  wildlife, 
recreation,  and  watershed  protection  uses. 
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Slow  Cob. 

30-45  71 JJJ 


iWtM  UP-11 

Olympic  slcl 


% AOP 
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J0-45  71 JJJ 
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Land  Capability  Unit  Vll«s35  (VlleS)  consists  of  shallow  to  moderately  deep,  very  gravelly,  stony  or  rocky  soils  formed 
In  residual  materia)  or  glacial  till  In  areas  of  high  rainfall  (45  to  70  Inches).  Slopes  are  usually  more  than  30  per- 
cent, but  some  8 to  15  percent  areas  are  included.  The  runoff  is  medium  to  rapid,  and  the  erosion  hazard  is  slight  to 
severe. 


Management  problems  are  erosion  and  sediment  control,  and  maintenance  of  soil  structure  and  water  intake  rates.  The 
soils  are  best  suited  for  growing  Douglas-fir,  western  hemlock  and  rad  alder  for  wood  products,  and  they  are  also  well 


sui ted  for  wi Id) Ife, 

recreational , 

and  watershed  protection 

purposes. 
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Land  Capabi 1 1 ty  Unit 

VI  Ies29 

(VI  Ic6)  consists  of  deep,  somewhat  excess 

Ivaly  drained,  moderately  coarse 

and  coarse  tax- 

tur-d  glacial  outwesh  terrace  soils  on  steep  topography,  with  slope  gradients  ranging  between  8 and  50  percent.  Their 
surfaces  consist  of  coarse,  moderately  coarse,  gravelly,  very  gravelly,  cobbly  and  stony  textures,  with  acidity  ranging 
between  pH  5.1  and  6.0.  Their  subsoils  and  substrata  consist  of  sands  and  gravelly,  very  gravelly,  cobbly,  stony  sands. 
The  surface  water  runoff  is  medium  to  rapid,  and  the  erosion  hazard  is  severe  to  very  severe. 


Management  problems  are  erosion  and  sedimentation  control,  and  maintenance  of  soil  structure  to  protect  the  water  in- 
take ratas.  The  soils  are  best  suited  for  growing  Oouglas-flr  for  wood  crops.  They  are  also  well  suited  for  wildlife, 
recreational,  and  watershed  protection  purposes. 
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Land  Capability  Unit  VI  las 36  (Vlle7)  consists  of  rough  broken  or  stony  end  mountefnous  lends,  end  rock  lends.  The  soils 
have  variable  depths  and  textures.  They  ere  usually  shallow,  but  some  deep  areas  occur.  Slopes  generally  ere  over  30 
percent,  and  many  are  65  percent  and  more.  The  runoff  Is  rapid,  and  the  erosion  hazard  Is  slight  to  severe. 

These  are  miscellaneous  land  types.  Some  timber  is  grown,  but  the  soils  are  used  mainly  for  wildlife  end  water  yield 
areas. 
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(VI Iwl ) consists  of  deep,  excessively  drained,  coarse  textured,  bottom  lend  soils.  Their 
surfaces  consist  of  sands  and  gravelly  sands,  and  their  subsoils  and  substrata  are  sends,  gravels,  end  cobbles.  They 
have  very  severe  limitations,  due  to  frequent  overflow  end  very  low  water-holding  capacity  of  the  coarse  textures.  The 
surface  water  runoff  Is  slow. 


Management  problems  are  wetness  due  to  streambank  overflow  flooding,  end  maintenance  of  soils  against  streambenk  cutting 
and  sedimentation.  The  soils  ere  best  suited  for  growing  cottonwood,  which  protects  them  against  streambenk  erosion  and 
channeling.  They  ere  also  wall  s ulted  for  limited  wood  crop  production,  wildlife,  end  recreational  uses. 

% AOP  % AOP  % AOP 

teep.lia  us.ii  si-gg*  fcg**  tewloa  iiai  Sa*±  tewl"fl  ..»"!*  slope  xod* 
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Land  Capability  Unit  Vlls23  (Vllsl)  consists  of  s omawhat  excessively  drained,  moderately  deep,  end  deep,  coarse  tex- 
tured, gl eel el  outwesh  soils  on  slopes  of  less  then  8 percent  gradient.  Their  surfaces  consist  of  stony  sandy  loams 
and  stony  sends,  with  an  acidity  range  between  pH  5.6  end  6.  Their  subsoils  end  substrate  consist  of  loose,  stony, 
gravelly  sands.  Tha  surface  water  runoff  Is  slow,  and  the  erosion  hazard  Is  slight. 

The  primary  management  problem  Is  the  protection  of  soil  structure  and  water  Intake  rates.  The  soils  are  best  suited 
for  growing  Oouglas-flr  for  wood  crops.  They  ere  also  wall  suited  for  recreation,  wildlife,  end  watershed  protection 
uses. 
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Land  Capability  Unit  VI 1 1 e s 3 7 iv  1 1 lei)  consists  of  miscellaneous  lend  types  that,  because  of  extreme  erosion  limita- 
tions, are  suited  only  for  growth  of  vegetation  to  provide  watershed  protection,  and  for  wildlife  use.  The  soils  are 
very  shallow,  stony  and  rocky.  Soil  materials  are  extremely  unstable,  and  require  all  possible  vegetation  to  hold  them 
on  the  land,  to  give  adequate  protection  against  sedimentation,  and  to  prevent  destruction  of  wildlife  food  and  cover. 


The  lands  are  best  suited  for  upland  game,  recreational  uses,  and  enjoyment  of  their  scenic  beauty. 
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Land  Capability  Un  * 1 Vlllcs3fl  (vllle2)  is  made  up  of  active  sand  dunes,  which  consist  of  deep  and  coarse  textured  sand; 
th»*re  is  no  true  soil  present.  They  mav  need  stabilization  practices  to  prevent  wind  erosion. 

The  lands  have  little  use  except  as  wildlife  or  recreational  areas. 
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Active  sand  dunes 

61338 

land  Capat  i I i ty  Un i t s V 1 1 Iew39,  wsOO,  22,  23.  24;  sOO  (Vlllwl)  consist  of  soils  and  miscellaneous  land  types  that  vary 
tron  coastal  beach  to  moss  peat.  There  is  great  variation  in  water-holding  capacity,  but  all  have  limitations  related 
to  wetness  or  overflow,  or  to  the  soil  conditions  within  the  units. 


Many  of  the  soils  are  useful 

for  wildlife  food  and  cover,  end 

for  recreational 

areas. 
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JL/  Soil  symbols  used:  c 

clay 

r 

rocky 

CO 

coarse 

s 

sandy 

f 

fine 

si 

silt 

9 

gravel ly 

St 

stony 

1 

loam 

V 

very 

An  asterisk  indicates  a benchmark  soil,  A benchmark  soil  is  one  that,  because  of  its  great  extent  or  key  position 
in  the  soil  classification  system,  or  both,  is  important  in  determining  and  understanding  the  variety  of  soil 
conditions  in  a State  or  other  area. 
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SUITABILITY  OF  SOILS  FOR  WOODLANDS 


The  Puget  Sound  Area  is  generally  characterized  by  a complex  pattern  of 
soils.  Farmland  has  been  developed  largely  on  the  bottom  land  and  terrace 
soils,  while  woodlands  usually  occupy  the  less  fertile,  hilly,  and  steeper  soil 
areas. 

Table  12  is  concerned  with  woodland  use  of  soils.  Each  soil  has  a 
characteristic  potential  productivity,  distinct  problems  of  management,  and 
particular  reactions  to  conservation  treatments.  Information  so  far  available 
is  brought  together  here  for  use  by  woodland  owners  in  planning  their 
woodland  conservation  operations.1 

Ratings  are  given  for  Douglas-fir  but  limited  information  is  also  supplied  for 
western  hemlock,  red  alder,  and  the  minor  forest  understory  products. 
Hazards  and  equipment  limitations  are  briefly  outlined  in  table.  Equipment 
limitations  may  changes  as  new  equipment  is  designed  to  meet  the  rapidly 
changing  needs  of  the  logging  industry. 


SUITABILITY  OF  SOILS  FOR  WILDLIFE  HABITAT 

Soils  of  the  Puget  Sound  Area  have  been  placed  in  six  major  groups 
according  to  their  suitability  for  producing  various  types  of  wildlife  habitat 
(see  Table  13).  This  habitat  may  result  from  native  trees,  shrubs,  and  forbs, 
or  from  active  land  management  by  landowners  and  operators. 

Three  general  groups  of  wildlife  common  to  the  area  are  listed  along  with  the 
relative  local  quality  of  wildlife  habitat  the  soils  are  capable  of  producing. 
The  table  referred  to  may  be  used  as  a guide  in  determining  which  soils  are 
best  suited  to  various  game  species  and  indicates  broad  management 
practices  needed  to  maintain  or  improve  habitat. 


1 Adapted  from  Schlots,  Fred  E.,  and  Quam,  Aldan  N„  Soil  Survey  Interpretations  for  Woodland 
Conservation,  Progress  Report.  Puget  Sound  Trough  Area,  Washington.  USD  A.  Soil  Conservation 
Service,  1966. 
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SUITABILITY  OF  SOILS  FOR  SUBURBAN  USES 


Soils  of  the  Puget  Sound  Area  have  been  rated  relative  to  their  comparative 
suitability  for  suburban  uses  (see  Table  14).  The  purpose  of  the  rating  is  to 
provide  guidance  in  selecting  residential  community,  and  industrial  sites.  By 
selecting  sites  on  soils  with  the  fewest  limitations  for  designated  uses, 
property  losses,  health  hazards,  and  high  construction  costs  may  be 
minimized;  likewise,  erosion  and  sediment  hazards  may  be  reduced. 


HOMESITES 

Soils  with  fewest  limitations  for  homesites  are  very  deep,  well  drained, 
permeable,  nearly  level  to  gently  sloping,  free  from  flooding,  and  with  a low 
slide  potential.  The  soil  properties  and  qualities  considered  and  rated  to 
provide  guidance  in  selecting  suitable  sites  for  homes  are:  drainage  class, 
slope,  flood  hazard,  slide  potential,  depth  to  bedrock  or  some  restrictive 
layer,  shrink-swell  properties,  and  bearing  capacity  when  moist  or  wet. 


Buildings 

The  capacity  of  different  soils  to  support  loads  varies  considerably.  The 
bearing  strength  of  individual  soils  may  vary  significantly  under  different 
moisture  conditions.  Many  soils  are  stable  when  dry  but  lose  this  quality 
when  saturated  with  water.  The  bearing  value  was  rated  for  moist  or  wet 
conditions  as  applicable  for  a specific  soil. 

The  slope  gradient  also  has  an  effect  on  the  stability  of  foundations  and  the 
cost  of  development,  expecially  where  the  slope  exceeds  about  8 percent. 
Addition  engineering  and  foundation  construction  costs  may  be  necessary  to 
overcome  slope  limitations. 

Soils  that  flood  have  severe  limitations.  Periodic  flooding  of  homesites 
becomes  a very  serious  health  hazard,  and  even  a hazard  to  life,  as  well  as 
causing  costly  damages  to  homes.  It  should  be  kept  in  mind  that  soils  formed 
on  bottom  lands  were  formed  by  ftoodwaters.  It  is  known  that  soils  of 
bottom  lands  along  streams  are  likely  to  be  flooded— some  often,  others  just 
once  in  awhile. 

Landscaping 

Suitable  soils  also  will  enable  the  owner  to  beautify  his  property  with 
vigorously  growing  plants.  The  degree  of  wetness  of  many  soils  influences 
the  desirability  of  the  site  for  landscaping.  Poorly-  drained  soils  need  surface 
or  subsurface  drainage  to  remove  excess  water.  The  choice  of  suitable  grasses 
and  shrubs  that  will  grow  well  on  wet  soils  is  more  limited  than  for  the 
better  drained  soils. 
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Septic  Tanks 


A septic  tank  system  for  underground  disposal  of  houshold  sewage  by  the 
soil  consists  of  a septic  tank  and  its  filter  field.  Tile  delivers  the  effluent 
throughout  the  filter  field  for  aeration  and  disposal.  The  sewage  undergoes 
anaerobic  bacterial  action  in  the  septic  tank  but  requires  further  aerobic 
treatment  in  the  soil  of  the  filter  field. 

Soil  factors  which  are  considered  in  determining  limitations  for  filter  fields 
are:  depth  to  seasonally  high  water  tables;  depth  to  impervious  layers,  such 
as  bedrock  or  cemented  glacial  hardpan;  flooding  hazard  or  frequency; 
permeability  of  soil  layers  above  hardpan  or  bedrock;  slope  of  land;  and 
texture  of  the  soil  into  which  the  effluent  will  percolate.  Soils  with  the 
fewest  limitations  for  septic  tank  filter  fields  are  those  that  are  very  deep, 
well  drained,  at  least  moderately  permeable,  nearly  level,  and  not  subject  to 
overflow.  Where  septic  tank  filter  fields  are  considered,  it  should  be  kept  in 
mind  that  even  though  soils  may  be  well  drained,  the  iron  contained  in  the 
soil  may  precipitate  and  clog  the  septic  filter  bed,  making  the  system 
ineffective.  Generally,  not  more  than  three  homes  per  acre  should  be  built 
where  septic  tanks  are  the  means  of  sewage  disposal. 


COMMUNITY  USES 


Parks  and  Playgrounds 

Ratings  of  soils  for  parks  and  playgrounds  are  based  on  the  limitations  for 
grading  and  reshaping  the  land  when  necessary  to  accommodate  the  desired 
use.  Properties  considered  are  slope,  drainage  class,  texture,  flooding  hazard, 
depth  to  bedrock  or  cemented  basal  till,  and  permeability  as  it  would 
influence  sewage  disposal.  Soils  with  the  fewest  limitations  are  those  that  are 
nearly  level  to  gently  sloping  and  are  well  to  excessively  drained. 

Golf  Courses 

Ratings  for  golf  courses  are  based  on  limitations  of  soils  for  fairways  only. 
Greens  are  generally  made  from  hauled-in  material  of  a special  mixture  and 
are  not  included  in  these  ratings.  However,  knowledge  of  the  kind  of  soil  at  a 
proposed  greens  site  will  give  a good  indication  of  the  suitability  of  the 
location,  particularly  with  reference  to  slope,  drainage,  and  flooding  or 
overflow  conditions.  Generally,  slopes  steeper  than  30  percent  have  very 
severe  limitations  but  may  be  acceptable  if  of  short  length  and  advanta- 
geously located  on  the  course.  Likewise,  most  poorly-drained  soils  are  rated 
as  having  very  severe  limitations  but  may  be  tolerated  if  the  area  is  of  small 
size  and  located  in  a desirable  place.  Soils  with  moderately  fine  and  fine 
textured  layers  have  been  rated  as  having  moderate  to  very  severe  limitations 
because  they  remain  wet  longer  after  a rain  than  coarser  textured  soils. 
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Sanitary  Land  Fills 


Sanitary  land  fills  are  disposal  areas  for  refuse,  such  as  garbage  and  trash.  The 
waste  is  placed  in  a pit  or  excavation,  compated,  and  covered  with  about  six 
inches  of  soil  at  regular  intervals.  This  is  repreated  until  the  trench  or 
disposal  area  is  filled.  Continual  covering  eliminates  breeding  places  for  flies, 
rats,  or  other  disease-bearing  insects  or  animals.  Finally,  the  area  is  covered 
with  soil  sufficiently  thick  (usually  about  24  inches)  to  insure  sanitary 
conditions  and  to  support  vegetation  after  operations  are  completed. 

Limitations  of  soils  for  sanitary  land  fills  are  determined  by  the  individual 
characteristics  and  qualities  of  drainage,  slope,  texture,  depth,  and  flood 
hazard.  Surface  water  should  be  handled  so  as  to  prevent  sedimentation  in 
nearby  waters.  Soils  that  are  well  drained,  free  from  flooding,  have  moderate 
slope,  are  more  than  15  feet  to  bedrock,  and  have  coarse  to  medium 
textures,  have  the  fewest  limitations  for  establishment  of  land  fill  disposal 
areas. 

Cemeteries 

Soils  for  cemetery  sites  are  rated  upon  their  stability,  drainage,  depth  to 
bedrock  or  cemented  glacial  till,  slope  of  land,  and  flood  hazard.  The  soils 
best  suited  for  cemeteries  are  deep,  well  drained,  and  moderately  coarse  to 
moderately  fine  textured.  The  soils  should  be  free  from  overflow  and  free  of 
seepage  from  areas  lying  at  higher  elevations. 

INDUSTRIAL  SITES 

While  soils  of  almost  any  drainage  class  or  slope  class  may  be  prepared  for 
industrial  sites,  soils  have  been  rated  to  indicate  intensity  of  limitations 
caused  by  instability  of  soils  with  reference  to  their  load-carrying  capacity, 
shrink-swell  potential,  drainage,  susceptibility  to  flooding,  and  slope.  Soils 
best  suited  for  industrial  sites  are  those  which  have  high  load-carrying 
capacities  and  occur  on  gentle  to  nearly  level  slopes.  The  soils  should  have 
good  drainage  or  be  provided  with  adequate  drainage  to  eliminate  the 
possiblity  of  contaminating  other  areas. 

SMALL  FARMS  AND  GARDENS 

Generally,  soils  for  small  farms  and  gardens  are  rated  as  to  suitability  the 
same  way  agricultural  lands  are  rated— by  land  capability  classes.  The  ratings 
are  based  upon  slope,  erosion  hazards,  soil  permeabilities,  degree  of  wetness, 
and  susceptibility  to  flooding. 

CORROSIVE  EFFECT  OF  SOILS 

Structural  materials  corrode  when  they  are  buried  in  soil;  and  a given 
material  will  corrode  in  some  soils  more  rapidly  than  in  others.  The  potential 
corrosivity  of  each  soil  for  steel  and  concrete  has  been  evaluated  as  very  low, 
low,  moderate,  high,  and  very  high. 
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Table  12.  Woodland  suitability  groupings  of  soils  with  i nterpretat ions  for  management  and  treatment, 

Puget  Sound  Area. 


where  adequate  site  index  information  was  not  available. 
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Table  )2.  Woodland  suitability  groupings  of  soils  with  interpretations  for  management  and  treatment  (con.) 
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T abla  )k.  Comparative  suitability  of  soils  for  suburban  uses,  Puget  Sound  Area  (con. 
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Tabic  14.  Comparative  suitability  of  soils  for  suburban  uses,  Puget  Sound  Area  (con. 
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Table  lb.  Comparative  suitability  of  soils  for  suburban  uses,  Puget  Sound  Area  (con. 
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Table  IV  Comparative  suitability  of  soils  for  suburban  uses.  Puget  Sound  Area  (con.) 


Table  14.  Cooperative  suitability  of  soils  for  suburban  uses,  Puget  Sound  Area  (con.) 
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Table  14.  Comparative  suitability  of  soils  for  suburban  uses,  Puget  S<-und  Area  ; c 
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Table  I1*.  Comparative  Suitability  of  soils  for  suburban  uses,  Puget  Sound  Area  (con. 
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Table  )4.  Comparative  suitability  of  soils  for  suburban  uses,  Puget  Sound  Area  (con. 
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ENGINEERING  INTERPRETATIONS  Or  SOILS 

Soil  properties  affect  construction  and  maintenance  of  roads,  airports, 
pipelines,  foundations,  erosion  control  structures,  drainage,  sewage  disposal, 
and  water  storage  facilities.  The  properties  most  important  to  the  engineer 
are  permeability  to  water,  soil  texture,  shearing  strength,  plasticity,  and 
reaction  (pH).  Depths  to  water  table,  bedrock,  and  unconsolidated  materials, 
as  well  as  topography,  are  important. 

Tables  15  and  16  contain  information  that  can  be  used  by  engineers  to: 

1.  Make  soil  and  land  use  studies  that  will  aid  in  the 
selection  and  development  of  industrial,  business, 
residential,  and  recreational  sites. 

2.  Assist  in  designing  drainage  and  irrigation  systems, 
farm  ponds,  diversion  terraces,  and  other  structures 
for  soil  and  water  conservation. 

3.  Make  estimates  of  runoff  and  sediment  characteristics 
for  use  in  planning  dams,  channels,  and  other  structures. 

4.  Make  preliminary  evaluations  of  soil  and  ground  con- 
ditions that  will  aid  in  selecting  highway  and  airport 
locations,  and  in  planning  of  detailed  soils  investiga- 
tions for  design  purposes. 

5.  Locate  possible  sources  of  sand,  gravel,  and  other  con- 
struction materials. 

6.  Determine  the  suitability  of  soil  units  for  cross- 
country movement  of  vehicles  and  construction  and 
logging  equipment. 

7.  Supplement  information  obtained  from  other  published 
maps,  reports,  and  aerial  photographs  for  the  purpose 
of  making  maps  and  reports  that  can  be  used  readily  by 
engineers. 


It  is  not  intended  that  this  report  will  eliminate  the  need  for  sampling  and 
testing  of  soils  for  specific  engineering  work.  The  soils  maps  and  this  report 
are  generalized  and  should  be  used  only  in  planning  more  detailed 
investigations  of  specific  sites. 

The  use  of  data  presented  in  engineering  soil  interpretations  tables  in  this 
report  will  provide  a preliminary  evaluation  of  engineering  properties  of  soils 
at  any  specific  location. 
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ENGINEERING  SOIL  CLASSIFICATION  SYSTEMS 


Most  highway  engineers  classify  soil  materials  according  to  the  system 
approved  by  the  American  Association  of  State  Highway  officials.  In  this 
system,  soil  materials  are  classified  in  seven  principal  groups.  The  groups 
range  from  A-l,  which  consists  of  gravelly  soils  of  high  bearing  capacity,  to 
A-7,  which  consists  of  clay  soils  having  low  strength  when  wet. 

Some  engineers  prefer  to  use  the  unified  soil  classification  system.  In  this 
system,  soil  materials  are  identified  as  coarse  grained,  eight  classes;  fine 
grained,  six  classes;  and  highly  organic  soils.  An  approximate  classification  of 
soils  by  this  system  can  be  made  in  the  field.  Soils  classified  according  to 
both  systems  are  included  in  Tables  15  and  16  of  this  report. 
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suitable  suitable  strength;  very  low.  Load  carrying  capacity:  low.  Shrink-swell 

potential:  moderate  to  high.  Hay  have  high  water  table. 

May  become  "quick"  when  wet. 

Permeability:  0.05-0.2.  Slow  to  very  slow 


atures  affecting  engineering  practices  on  highways,  Puget  Sound  Area 


strength;  Moderate.  Load  carrying  capacity:  low  to  high 

depending  upon  moisture  content.  Shrink-swell  potential:  low 

May  be  subject  to  periodic  overflow. 

Permeability:  subsoil,  0.2-0. 8;  substratum,  5.0-10.0 
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Clipper  silty  clay  loam  SM  A-2  Poor  Good  to  Not  Good  Susceptibility  to  frost  action;  slight.  Shearing  strenqth;  high  to 

SP  A-l  fair  suitable  moderate.  Load  carrying  capacity;  high,  except  when  wet.  Subject  to 

water  table.  Shrink-swell  potential;  moderate  to  low. 

Permeability:  subsoil,  less  than  0.05;  substratum,  0.05-0.2 


Table  15.  Soil  features  affecting  engineering  practices  on  highways.  Puget  Sound  Area  (con.) 


Permeability:  subsoil,  2. 5-5.0;  substratum,  0.05-0.2 
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sui table  1 sui table  I sui table  ( sui table  l foundations  or  fill  material.  High  water  table. 
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high  wa ter  table.  Shrink-swell  potential:  high. 

Permeability:  subsoil.  0.2-0. 8;  substrata,  less  than  0.05 
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Ni squally  sand  SH  A-2  Fair  to  Good  Not  Good  Susceptibility  to  frost  action:  slight  to  none.  Shearing 

Ni squal ly  loamy  sand  SP-SH  A-3  poor  suitable  strength:  mod.  to  hiqh.  Load  carrying  capacity:  high.  Shrink- 

swell  potential:  low. 

Permeability:  subsoil,  2. 5-5.0;  substrata,  5.0-10.0 
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potential:  low 

Permeability:  subsoil t 0.2-0. 8;  substratum,  0.05-0.2 


features  effecting  engineering  practices  on  highway 


table  and  seep  areas.  Topography  rolling  to  steep.  Shrink-swell 
potential:  high. 

Permeabi I i ty:  subsoil,  0.05-0.2;  substrata,  less  than  0.05 


Tabic  15.  Soil  features  affecting  engineering  practices  on  highways,  Puget  Sound  Area  (con.) 


features  affecting  engineering  practices  on  highways,  Puget  S 


Table  1$.  Soil  features  affecting  engineering  practices  on  highways^  Puget  Sound  Area  (con.) 


Table  15  Soil  features  affecting  engineering  practices  on  highways^  Puget  Sound  Area  (con. 


Active  dune  land  Stability:  moderate.  Permeability:  Shearing  strength:  subsoil.  Resistance  to  erosion,  low. 

Compacted  permeability:  subsoil,  5.0~10.0  in/hr;  high;  substrata,  high.  Establishment  of  vegetation. 
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Suitability:  fair  to  very  Piping:  variable 

poor  when  compacted  with  high  hazard, 

sheeps-foot  or  rubber-tired 
roller.  Hay  crack  when  dry. 
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with  sheeps-foot  roller.  I I Piping:  high  to  low  hazard 
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Suitability:  good  when  com-  Stability:  subsoil, 

pacted  with  sheeps-foot  roller  high;  substratum,  1 o 

moderate. 

Piping:  high  hazard. 
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compacted  with  sheeps-foot  Stability:  subsoil,  low 

roller.  substratum,  low. 

Piping:  low  to  moderate 
hazard. 


Indianola  loamy  sand  and  In- 
dianola  loamy  fine  sand:  Re* 
sistance  to  erosion,  low; 
establishment  of  vegetation, 
difficult. 


Farm  Ponds  Terraces, 

Series  and  Type  Oikes  or  Levees  ■ Diversions  and  Waterways 

Reservoir  Area  I Embankments 


foundation  - low;  fill  - low.  medium. 

Suitability:  good  to  very  Stability:  subsoil, 

poor  when  compacted  with  substrata,  low. 

sheeps-foot  roller.  Piping:  low  hazard. 
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substrata,  moderate  to  l< 
Piping:  very  high  hazard, 
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Suitability:  very  good  to  Stability:  subsoil, 
good  when  compacted  with  substratum,  moderati 
sheeps-foot  roller. 


I 


Establishment  of  vegetation, 
easy  to  fairly  difficult. 
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Suitability:  very  good  to  Stability:  subsoil,  low 
good  when  compacted  with  substratum,  moderate  to 
sheeps-foot  roller. 
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tlon  - variable.  Ion  to  high;  medium.  Cracks  when  dry.  Sta- 
fill  * variable,  low  to  high.  bility:  subsoil,  low  to  moder 
Suitability:  poor  to  very  poor  ate;  substrata,  low.  Piping: 

variable,  low  tohigh  hazard. 


Table  16.  Soil  features  affecting  engineering  practices  for  water  impoundments  or  disposal,  Puget  Sound  Area  (con 


Terraces , 

Diversions  and  Waterways 


GLOSSARY 


ABLATION  - The  process  by  which  ice  and  snow  waste  away  as  a result 
of  melting  and  evaporation. 

ABLATION  TILL  - Relatively  loose  outwash  or  till  from  ablation  of 
glacial  ice. 

AFTERBAY  RESERVOIR  - A reservoir  downstream  from  a main  reservoir  and 
used  for  re-requlat ion  of  peak  flows. 

ALTERNATIVE  COST  - The  cost  of  the  least  costly  single-purpose  alter- 
"ati.e  means  of  providing  the  same  benefits.  The  alternative  may  be 
a single-purpose  project  at  the  same  site. 

ANADROMOUS  - Pertaining  to  fish  that  ascend  rivers  to  spawn. 

ANNUAL  FLOOD  - The  highest  staao  or  the  greatest  discharge  in  a wa- 
ter year. 

ANNUAL  FLOOD  PEAK  SERIES  - A list  of  all  the  annual  peak  flood  dis- 
charges known,  arranqed  either  ir  order  of  magnitude  or  chronologi- 
cal ly. 

ANNUAL  LOW-FLOW  - The  lowest  flow  occurring  each  year,  usually  the 
lowest  averaqe  flow  for  periods  of  several  consecutive  days.  Instant- 
aneous low  f'y*,  unlike  ! nstantaneous  peak  flow,  is  usually  of 
little  interest. 

ANTElECJNT  PRECIPITATION  - Prec ipi tation  that  occurred  prior  to  the 
particular  event,  condition,  or  time  under  cons i derat  ion.  Usually, 
i t appl  i ss  to  that  p»  ior  prec  1 .•!  ‘at  !on  which  is  still  effect  I ve  i n 
modifying  i nf  i 1 1 rat  ion  ot  run»>f. 

ARTIFICIAL  RECHARGE  - The  addition  of  water  to  the  ground  water  res- 
ervoir bv  activities  of  man,  such  as  irrigation  or  induced  Infiltra- 
tion from  streams,  wells,  or  spreading  basins. 

ASPECT  - Thecompass  direction  toward  which  the  land  slope  faces.  The 
direction  is  measured  downslope  and  normal  to  the  contours  of 
elevation. 

ASSOCIATED  COSTS  - The  costs  of  the  goods  and  services,  over  and 
above  those  include;  in  project  costs  needed  to  make  the  immediate 
products  or  .e>.ices  of  the  project  available  for  use  or  sale. 

AVERAGF  ANNUAL  COST  - The  -qi/valent  of  the  project  costs  reduced  to 
an  equivalent  uniform  annual  cost  by  compound  interest  methods,  and 
includes  inte'est  and  amortization  on  the  investment,  plus  replace- 
ment , operation,  and  maintenance  of  the  project  during  its  economic 
I i *«. 

AVERAGE  ANNUAL  DAMAGES  - The  weighted  average  of  all  damages  that 
v«o>.  d .•»  parted  to  occur  yearly  under  specified  economic  conditions 

and  development  Such  demages  are  computed  on  the  basis  of  the  ex- 
pe.  fancy  !•  any  one  /ear  of  the  amounts  of  damage  that  would  result 
‘-or  events  •hmuohout  *h»  ful  • range  of  potential  magnitude. 

AVERAGE  ANNUAL  EQUIVALENT  OAHAGES  - Average  annual  damages  over  a 
*pe«  1 ’ »d  i*e*  od  of  time  taking  into  account  future  changes  In  econ- 
. . i-.-dit  v end  development  by  use  of  compound  interest  methods. 

•ASAl  Tilt  • expected  or  cemented  tMI  resulting  from  glacial 


RASE  ftf  * Yha'  portion  of  runoff  not  resulting  from  direct  runoff 
• pc#  •*  let  »on,  »»  may  ciw  from  ground  water  effluent,  or  de- 
af-* • ."*!»•  * ice  storage  in  lakes,  swamps,  glaciers,  snow,  etc. 

IASI  A * A -leng  * ep*  < < erea  drained  by  a single  major  stream. 

•EO  LOAD  - The  sediment  that  moves  by  sliding,  rolling,  or  bouncing 
on  r,r  very  «e#r  ib*  streambed,  sediment  moved  mainly  by  tractive  or 
lei  'nnfl  forces,  or  both,  but  at  velocities  less  than  the  sur- 
rounding flow. 

BENEFICIAL  USE  of  WATER  - The  use  of  water  for  any  purpose  from 
which  benefits  ere  derived,  such  as  for  domestic,  Irrigation,  or 
industrial  supply,  power  development,  or  recreation. 

BENEFIT-COST  RATIO  - The  arithmetic  proportion  of  estimated  average 
annuel  beneffts  to  average  annual  costs,  insofar  as  the  factors  can 
be  expressed  In  monetary  terms;  It  Is  e measure  of  the  degree  of 
tangible  economic  justification  of  a project. 

BENEFITS  - Increase  or  gains,  net  of  associated  or  induced  costs,  In 
the  value  of  goods  and  services  which  result  from  conditions  with  the 
project,  as  compared^! th  conditions  without  tha  projact.  Benefits 
include  tangibles  and  intangibles  and  may  be  classed  as  primary  or 
secondary. 


BIOCHEMICAL  OXYGEN  DEMAND  (B.O.D.)  - Tha  quantity  of  oxygen  uti- 
lized in  the  biochemical  oxidation  of  organic  matter  in  a speci- 
fied time  and  at  a specified  temperature. 

BRACKISH  WATER  - Water  containing  dissolved  minerals  in  excess  of 
that  passing  drinking  water  standards,  but  less  than  that  in  sea 
water.  1 

CANOPY  - The  cover  or  crown  formed  by  the  greer  leaves,  needles, 
and  branches  of  all  trees. 

CARRYING  CAPACITY  (GRAZING)  - The  total  nunbe-  of  eni mat -unit 
months  which  are  available  from  a given  tract  of  land. 

cfs  - Abbreviation  for  cubic-feet  per  second. 

cfs-OAY  (Abbreviation  for  cubic-feet  per  second  oer  day.)  - The 
volume  of  water  represented  by  a flow  of  • cub’c-foot  per  second 
for  24  hours.  It  Is  equal  to  1.983  acre-feet. 

CHANNEL  STORAGE  - Water  temporarily  stored  in  a channel  when  in- 
flow exceeds  that  which  can  be  immediately  discharged,  resulting 
in  an  Increase  in  water  surface  elevation.  It  is  maximum  when  in 
a rising  stage  the  inflow  and  outflow  are  equal  and  the  depth  of 
flow  is  a maximum. 

CLIMAX  - The  fine1  stage  of  a «'jccession  that  continues  to  occupy 
an  erea  as  long  as  climat**  z id  s-  I Is  remain  unchanged. 

COMMERCIAL  FOREST  LAND  - Forest  lano  which  Is  producing  or  is  cap- 
able of  producing  crops  of  industrial  wood  and  not  withdrawn  from 
timber  utilization  by  statute  or  administrative  regulation.  This 
includes  both  accessible  and  inaccessible  areas  and  both  operable 
and  currently  inoperable  stands  of  trees. 

COMPREHENSIVE  PLAN  - A plan  for  water  resources  development  that 
consider*  all  economic  and  social  factors  and  provides  the  great- 
est overall  benefits  to  the  region  as  a whole 

CONOUIT  - A general  term  *or  an  artificial  or  natural  due,  ei- 
ther open  or  closed,  for  conveying  water  e.  otner  fluids. 

CONSERVATION  STORAuE  - Water  impounded  for  late:  release  for  con- 
sumptive uses,  such  as  municipal,  industrial,  and  irrigation. 

C0NSTANT  DOLLARS  - The  real  value  of  the  dollar,  with  price  of 
goods  and  services  remaining  constant;  usually  expressed  over  a 
per*oc‘  of  ti.ne  from  a base  year  (equal  to  100).  The  effect  of 
using  constant  collar  is  tc*  remove  changes  In  value  of  the  dollar 
due  to  cither  inflation  of  deflotion. 

CONSUMPTIVE  USE  (WATER)  - Che  . se  of  water  by  discharge  intt  the 
atmosphere  or  I ncorporat ion  into  the  product  oi  the  process  in 
connection  with  vegetative  growth,  food  processing,  or  an  indus- 
trial process. 

CONTAMINATION  - A general  term  signifying  the  introduction  into 
water  of  micro-organisms,  chemicals,  wastes,  or  sewage,  which  m*y 
render  the  water  unfit  for  Its  intended  use. 

COST  ALLOCATION  - The  process  of  distributing  project  costs  equi- 
tably among  the  various  purposes  served  by  the  project. 

COST  SHARING  - The  contribution,  by  those  benefiting  from  a pro- 
ject or  program,  towards  the  cost  of  the  project  of  program. 

esm  (Abbreviation  for  .ublc-feet  per  second  per  square  mile.)  - 
The  average  flow  in  cuLic-feet  per  second  i rom  each  square  mile 
of  drainage  area.  Its  use  allows  direct  comparison  of  runoff 
from  basins  of  differing  areas. 

CNU  (Abbreviation  of  Calculated  Nutritional  Unit.)  - One-twelfth 
(l/12th)  of  the  yearly  requirement  of  digestible  nutrients  fed  in 
a balance  ration  to  a 1,000-pound  beef  cow,  Including  the  require- 
ment to  nurse  end  feed  the  calf  to  eight  months  of  age  at  a 
weight  of  475  pounds. 

DEBRIS  - Any  material,  including  floating  trash,  suspended  sedi- 
ment, or  bed  load,  moved  by  a moving  stream. 

DEEP  PERCOLATION  - In  a geologic  sense,  the  amount  of  water  that  Is 
lost  from  a basin  by  leakage  through  the  qeoloqic  formation. 

DESIGN  FLOOD  - The  selected  flood  eqeinst  which  protection  is  pro- 
vided, or  eventually  will  be  provided,  by  means  of  flood  protec- 
tive or  control  works. 
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DIRECT  FLOOD  DAMAGES  • Losses  to  existing  end  projected  properties 
end  improvements  resulting  from  contec'  with  flood  weters. 

DRAINAGE  WATER  ■ Water  which  he  % bee"-  collected  by  e dreinege  sys- 
tem. It  mey  derive  from  surface  water  or  from  water  passing 
through  soil. 

ECOLOGICAL  IMPACT  - The  total  effect  of  a change  (either  natural  or 
manmade)  in  an  environment  upon  the  ecology  of  the  area. 

ECONOMIC  RASE  STUDY  - A study  which  evaluates  the  economic  struc- 
ture of  the  region  to  provide  economic  projections  necessary  for 
the  appraisal  of  future  water  resource  needs. 

ECONOMIC  JUSTIFICATION  - A condition  existing  when  as  a minimum, 
the  estimated  total  economic  benefits  exceed  the  total  economic 
costs  and,  in  addition,  each  project  purpose  provides  benefits  at 
least  eaual  to  its  separable  cost. 

ECONOMIC  LIFE  - That  period  of  time,  estimated  by  economic,  tech- 
nical, and  social  factors,  after  which  the  costs  of  continuing  the 
project  will  exceed  the  benefits  to  be  expected  from  continuation 
of  the  project. 

ENCROACHMENT  (FLOOD  PLAIN)  - Development  and  growth  in  the  flood 
plain  that  constitutes  an  impairment  to  the  flood  flows  or  creates 
a Hood-damage  potential.  Encroachment  includes,  but  is  not  lim- 
ited to,  buildings,  streets,  structures,  and  plant  growth  result- 
ing from  changes  in  land  use  patterns. 

ENHANCEMENT  - A condition  resulting  from  the  development  of  a pro- 
ject such  that  the  value  of  a natural  resource  is  greater  than  that 
which  existed  under  pre-project  conditions. 

EPHEMERAL  STREAMS  - Streams  that  flow  only  in  direct  response  to 
precipitation.  Its  channel  is  above  the  level  of  the  water  table. 

EROSION  CONTROL  - The  application  of  necessary  measures  to  minimize 
soil  erosion  by  artificial  structures  or  vegetative  manipulation. 

EUTROPHICATION  - The  process  of  over fert f I i zat ion  of  a body  of  wa- 
ter by  nutrients  which  produce  'ore  organic  matter  that  the  self- 
purification processes  can  overcome. 

EVA POTRANS PI  RATION  - The  process  by  which  water  is  transpired  by 
plants,  added  to  plant  tissue  ar".  evaporated  from  the  plant  and 
surrounding  surfaces.  Quantitatively,  it  is  usually  expressed  In 
depth  of  water  in  a specified  period  of  time. 

EXCLUSIVE  FLOOD  CONTROL  CAPACITY  - That  reservoir  space  which  is 
used  for  the  sole  purpose  of  regulating  flood  inflows  to  reduce 
flood  damaqe  downstream. 

FLOOD  - An  overflow  on  lands  not  normally  covered  by  water  and 
that  are  used  or  usable  by  man. 

FLOOD  PREVENTION  - Flood  prevention  is  any  undertaking  for  the 
conveyance,  control  and  disposal  of  surface  water  caused  by  ab- 
normally hlqh  direct  prec i pi  tat  ion , stream  overflow,  floodwaters 
or  floods  aqqravated  by  or  due  to  wind  or  tidal  effects. 

FLOOO  PROOFING  - A combination  of  structural  changes  and  adjust- 
ments to  properties  subject  to  flooding  primarily  for  the  reduc- 
tion of  flood  damages. 

FLOOMATER  - Surface  eccumulet  ions  of  water,  usually  of  a damag- 
ing nature  resulting  from  overflow,  abnormally  high  prec i pi  tat  Ion, 
or  the  results  of  wind  and  tidal  effects. 

FLOUAGE  EASEMENT  - A permit  to  allow  for  passage  or  temporary  stor- 
age of  floodwaters  without  a transfer  of  land  ownership. 

FOR0  - Any  herbacious  plant  which  Is  neither  a grass  nor  a se^.  s. 

FRAIL  LANOS  - High  runoff  and  sediment  producing  areas  character- 
ized  by  steep  slops,  highly  erodible  soils,  And  sparse  vegetative 
cover.  Any  area  in  a severe  state  of  erosion  or  any  area  having 
inherent  capacities  to  erode  If  not  fully  protected. 

GROSS  INCOME  - Benefits  or  services  rendered  by  an  article  of 
wealth  or  by  free  persons. 

'•ROUND  MATER  - Water  that  is  in  the  zone  of  saturation. 

GROUNO-MATCA  BASIN  - A ground-water  reservoir  together  with  all 
the  land  surface  and  the  underlying  aquifers  that  contribute 
water  to  the  reservoir. 

GULLY  EROSION  - Removal  of  soil  by  running  water,  with  formation  of 
channels  that  cannot  be  smoothed  out  Completely  by  normal  cultl- 
vat  ion. 


HIGH  LEVEL  CROP  YIELD  - Harvested  acre  yield  attained  by  the  top 
five  percent  of  farmers  using  good  management  and  related  conser- 
vation practice.  Production  hazards  taken  into  account. 

HYDROLOGIC  CYCLE  - The  circuit  of  water  movement  from  the  atmos- 
phere to  the  earth  and  return  to  the  atmosphere  through  various 
stages  or  processes  as  precipitation.  Interception,  runoff.  Infil- 
tration, percolation,  storage,  evaporation,  and  transpiration. 

HYDROLOGIC  SOIL  COVER  COMPLEX  - A combination  of  a hydrologif  soil 
group  and  a type  of  cover. 

HYDROLOGIC  SOIL  GROUP  - A group  of  soils  having  the  same  runoff 
potential  under  similar  storm  and  cover  conditions. 

INFILTRATION  - The  process  whereby  water  from  the  surface  enters 
into  and  passes  downward  through  soil  or  rock. 

INFILTRATION  CAPACITY  - The  steady  rate  at  which  a soil,  when  in  a 
given  condition,  can  absorb  water, 

INFILTRATION  RATE  - The  rate  at  which  water  flows  downward  from  the 
surface  into  the  soil.  Water  enters  the  soil  through  pores,  cracks, 
worm  and  decayed-root  holes,  and  cavities  introduced  by  tillage.  In 
many  places,  infiltration  is  restricted  by  surface  sealing  or  crust- 
i ng. 

INSTALLATION  COST  - All  cost  for  installing  the  works  of  improve- 
ment. Term  includes  cash  payments,  donated  services  and  goods, 
land  treatment  measures,  technical  assistance,  engineering  costs, 
and  costs  of  land  rights  and  water  rights. 

INTAKE  RATE  - The  rate  at  which  water  flows  from  the  surface  into 
and  through  the  soil.  It  Is  the  expression  of  several  factors, 
including  infiltration  and  percolation. 

INTANGIBLE  BENEFITS  - Those  benefits  which,  although  recognized  as 
having  real  value  in  satisfying  human  needs  or  desires,  are  not 
fully  measurable  in  monetary  terms,  or  are  incapabile  of  such  ex- 
pression in  formal  analysis. 

INTANGIBLE  DAMAGES  - Those  damages  that  cannot  be  evaluated  in 
monetary  terms,  such  as  loss  of  life,  suffering,  etc. 

INTERCEPTING  DRAIN  - A drain  constructed  to  int.-rcept  surface  or 
groundwater  flowing  toward  the  protected  area,  from  higher  ground, 
and  to  carry  it  away  from  the  area. 

IRRIGATION  REQUIREMENT  - The  quantity  of  water,  exclusive  of  pre- 
cipitation, that  is  required  for  production  of  food,  fiber,  or  for- 
age. 

IRRIGATION  RETURN  FLOW  - Water  which  is  not  consumptively  used  and 
returns  to  a surface  supply.  Under  conditions  of  water-rights  lit- 
igation, the  definition  may  be  restricted  to  measurable  water  re- 
turning to  the  stream  from  which  it  was  diverted.  See  RETURN  FLOW. 

JOINT  COSTS  - Costs  of  facilities  that  serve  more  than  one  project 
purpose. 

JOINT  USE  FACILITIES  - The  features  of  a project  used  in  common  for 
more  than  one  project  purpose,  such  as  the  dam  in  a multiple-pur- 
pose reservoir. 

JUSTIFICATION  - The  analysis  of  the  costs  and  benefits  of  a project 
or  program  to  determine  whether  or  not  the  project  or  program 
should  be  consummated. 

LAND  CAPABILITY  CLASSIFICATION  - Interpretive  grouping  of  land  made 
primarily  for  agricultural  purposes.  In  this  classification,  ara- 
ble and  non-arable  soils  are  grouped  according  to  their  potentiali- 
ties and  limitations  for  sustained  production  of  the  commonly  cul- 
tivated crops  or  permanent  vegetation. 

LAND  ENHANCEMENT  BENEFITS  - Those  benefits  resulting  from  the  im- 
proved use  of  land,  made  possible  by  a project. 

LAND  RESOURCE  AREAS  - Broad,  geographic  areas  having  similar  soil, 
climatic,  geologic,  vegetative,  and  topographic  features. 

LAND  SUBSIDENCE  • The  lowering  of  the  natural  land  surface  in  re- 
spond to:  Earth  movements;  lowering  of  fluid  pressure;  removal  of 

underlying  supporting  material  by  mining  or  solution  of  solids, 
either  artificially  or  from  natural  causes;  compaction  due  to 
wetting  (hydrocompaction);  oxydatlon  of  organic  matter  in  soils;  or 
added  load  on  the  land  surface. 

UNO  TREATMENT  MEASURE  - A tillage  practice,  a pattern  of  tillage  or 
land  use,  or  any  land  Improvement,  with  a substantial  effect  of  re- 
ducing runoff  and  sediment  production  or  of  Improving  use  of  drain- 
age and  Irrigation  facilities. 
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LEACHING  - The  removal  of  soluble  constituents  from  soils  or  other 
material  by  percolating  liquid. 

LEFT  BANK  - The  left  bank,  of  a stream  when  the  observer  Is  facing 
downs t ream. 

MACROCLIMATE  - The  general  large-scale  climate  of  a large  area  or 
country  as  distinguished  from  mesoclimate  and  microclimate. 

MAXIMIZATION  OF  NET  BENEFITS  - Net  benefits  are  maximized  when 
the  scope  of  development  Is  extended  to  the  point  where  the  bene- 
fits added  by  the  last  increment  of  scale  ( Le.,  «n  Increment  of 
size  of  a unit,  an  individual  purpose  in  a multiple  purpose  plan, 
or  a unit  in  a comprehensive  plan)  are  equal  to  the  cost  of  add- 
ing that  increment  of  scale. 

MEAN  ANNUAL  RUNOFF  - The  average  value  of  all  annual  runoff  amounts 
usually  estimated  from  the  period  of  record  or  during  a specified 
base  period  from  a specified  area. 

MEDIAN  - A value  In  a statistical  (ordered)  array  having  as  many 
cases  larger  in  value  as  cases  smaller  in  value. 

MESOCLIMATE  - The  climate  of  small  areas  of  the  earth's  surface 
which  may  not  be  representative  of  the  general  climate  of  the 
region.  It  is  intermediate  In  scale  between  macroclimate  and 
microclimate.  Places  considered  In  mesocl imatology  Include  small 
valleys,  "frost  hollows,"  forest  clearings,  and  open  spaces  in 
towns. 

MICROCLIMATE  - The  local  climatic  conditions,  brought  about  by  the 
modification  of  general  climatic  conditions  by  local  differences 
In  elevation  and  exposure.  The  detailed  area  of  a very  small 
area  of  the  earth's  surface. 

MITIGATION  - Providing  of  services  or  facilities  to  compensate  for 
project  detriments. 

MULTIPLE-PURPOSE  PROJECT  - A project  designed  to  serve  more  than 
one  purpose;  for  example,  Irrigation,  flood  control,  recreation, 
and  hydroelectric  power. 

MUNICIPAL  ANO  INDUSTRIAL  (M&l ) WATER  - Water  supplied  to  a central 
municipal  distribution  system  and  used  in  Industry  and  commerce. 

NATURAL  RUNOFF  - Runoff  resulting  from  natural  flow;  that  Is  flow 
unmodified  by  man. 

NEGATIVE  BENEFITS  - Conditions,  brought  about  by  a program  or  the 
construction  or  operation  of  a project,  for  which  corrections  re- 
quire the  expenditure  of  cost  or  effort  which  would  not  have  been 
required  had  the  project  not  been  constructed. 

NET  INCOME  - The  difference  between  income  and  costs  of  any  arti- 
cle of  wealth. 

NONRECURRING  FLOOD  DAMAGES  - Those  items  of  previous  loss  which, 
although  once  experienced,  are  not  likely  to  recur  for  various 
reasons,  such  as  destruction  and  non replacement  of  the  facility 
Involved,  or  replacement  In  such  a manner  as  to  avoid  or  minimize 
further  damage. 

NONREIMBURSABLE  COSTS  - Costs  for  which  the  financing  agency  does 
not  seek  repayment  through  project  revenues. 

NORMALIZED  CURRENT  PRICES  - Observed  prices  for  the  last  year  of 
record  derived  from  computations  or  graphic  readings  of  mathe- 
matically fitted  (nonlinear)  long-term  trend  lines. 

OPERATION,  MAINTENANCE  AND  REPLACEMENT  COSTS  • Average  annual 
costs  of  project  operation  and  normal  maintenance  end  replacement, 
if  necessary,  at  end  of  economic  life. 

OPTIMUM  DEVELOPMENT  - The  optimum  development  of  an  area  or  a re- 
source Is  that  combination  of  scopa  and  typa  of  davelopmant  which, 
when  measured  by  economic,  social,  and  other  factors  yields  the 
most  acceptable  results. 

ORAGRAPHIC  PRECIPITATION  - Precipitation  which  results  from  the 
lifting  of  moist  air  over  a topographic  barrier  such  as  a moun- 
tain range.  It  may  occur  some  distance  upwind  end  e short  dis- 
tance downwind  es  well  es  on  the  berrler  feature. 

OUTDOOR  RECREATION  - Recreetlon  In  which  the  domlnent  environmen- 
tal attraction  Is  the  ou^of- doors. 

PARAMETER  - I.  A limiting  factor  of  e particular  situation,  that 
defines  othar  variables  In  the  same  situation. 

2.  A characteristic  of  a substance  or  situation  that 
Is  used  as  a standard  of  comparison.  \ 


PERMEABILITY  - The  property  of  a material  which  permits  appreciable 
movement  of  water  through  it  when  saturated  end  actuated  by  hydro- 
static pressure  of  the  magnitude  normally  encountered  in  a natural 
subsurface  water. 

pH  (HYOROGEN  ION  CONCENTRATION)  - Measure  of  acidity  or  alkalinity 
of  water.  Distill ed  water,  which  is  neutral,  has  a pH  value  of  7; 
values  above  7 Indicate  the  presence  of  alkalies,  while  those  be- 
low 7 Indicate  acids. 

PHREATOPHYTES  - Plants  that  habitually  obtain  their  water  supply 
from  the  zone  of  saturation,  either  directly  or  through  the  capil- 
lary fringe. 

POLLUTION  - The  addition  of  sewage,  Industrial  wastes,  or  other 
harmful  or  objectionable  material  to  water. 

PRIMARY  BENEFITS  - The  value  of  goods  and  services  directly  result- 
ing from  the  project,  less  associated  costs  incurred  In  realization 
of  the  benefits  and  any  induced  costs  not  included  in  project  costs. 
Types  of  primary  benefits  may  Include  domestic,  municipal,  and  In- 
dustrial water  supply,  irrigation,  flood  prevention,  land  stabiliza- 
tion, drainage,  recreation,  and  fish  and  wildlife. 

RANGE  MANAGEMENT  - The  art  and  science  of  planning  and  directing 
range  use  to  obtain  sustained  maximum  animal  production,  consistent 
with  perpetuation  of  the  natural  resources. 

REACH  - A specified  length  of  stream,  channel,  or  canal. 

RECHARGE  BASIN  - A basin  intended  to  increase  infiltration  for  the 
purpose  of  replenishing  ground  water  supply. 

RECONNAISSANCE  ESTIMATE  - An  estimate  made  In  order  to  decide  which 
features  of  a proposed  project  should  be  Investigated  in  more  detail. 

RECONNAISSANCE  REPORT  - A report  based  on  existing  data  and  a mini- 
mum of  reconnaissance  field  surveys  which  presents  Information  on 
the  potentialities  of  land  and  water  resources  In  a given  area  to 
Indicate  whether  further  detailed  Investigations  are  justified. 

RECREATION  DAY  - A statistical  unit  of  recreation  use  consisting  of 
a visit  by  one  person  for  all  or  a portion  of  one  day. 

RE REGULATING  RESERVOIR  - See  AFTERBAY  RESERVOIR. 

RESERVATION  (PUBLIC  LANDS)  - A withdrawal,  usually  of  a more  or 
less  permanent  nature;  also,  any  Federal  lands  which  have  been  ded- 
icated to  a specified  public  purpose. 

RETURN  FLOW  - That  part  of  a diverted  flow  that  is  not  consumptive- 
ly used  and  that  returns  to  a surface  supply. 

RIGHT  BANK  - The  right  bank  of  a stream  when  the  observer  is  facing 
downstream. 

RIPARIAN  LAND  - Land  which  abuts  upon  the  banks  of  a stream  or 
other  natural  body  of  water. 

RIPARIAN  VEGETATION  - Vegetation  growing  on  the  banks  of  a stream 
or  other  body  of  surface  water. 

RIVER  BASIN  DEVELOPMENT  - A program  to  develop  the  use  of  the  wa- 
ter and  land  resources  of  e river  basin,  so  coordinated  as  to  ob- 
tain a greater  efficiency  of  use  than  would  be  possible  if  the  re- 
sources were  developed  by  uhcoordi nated  multiple-purpose  projects 
or  a series  of  uncoordinated  single-purpose  projects. 

RUNOFF  - That  part  of  the  available  water  supply  that  is  trans- 
mitted through  natural  surface  channels. 

SALT-WATER  INTRUSION  - The  phenomenon  occurring  when  a body  of 
salt  water  Invades  a body  of  fresh  water.  It  can  occur  ai thar  In 
surfeca  or  ground  water  bodies. 

SEASON  - A period  of  time  characterized  by  some  distinguishable 
occurrence  of  feature,  such  as  growing  saason,  harvast  season, 
winter  season,  ate. 

SECONDARY  BENEFITS  - The  Increase  In  the  value  of  goods  end  ser- 
vices which  Indirectly  result  from  the  project  under  conditions 
expected  with  the  project  es  compared  to  those  without  the  pro- 
ject. 

SEDIMENT  CONTROL  - The  control  of  movement  of  sediment  In  a stream 
or  reservoir  by  means  of  debris  dams,  wing  dams,  channel izatlon, 
etc. 

SEDIMENT  LOAD  - The  total  sadlment,  Including  bad  load,  balng  moved 
by  a stream  at  a specified  cross  section. 
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SEDIMENT  STORAGE  - The  accumulation,  In  a reservoir,  of  sediment 
that  would  be  carried  downstream  in  the  absence  of  a reservoir. 

SEEPAGE  - The  gradual  movement  or  ooxlng  of  a fluid  Into  or  out 
of  a porous  medium. 

SEPARABLE  COSTS  - Costs  which  could  be  omitted  from  total  project 
cost  If  one  purpose  of  the  project  should  be  delated. 

SHEARING  STRENGTH  - Shearing  strength  represents  the  combined 
effects  of  Internal  friction  or  the  resistance  of  soil  grains  to 
sliding;  and  cohesion  refers  to  the  stickiness  between  particles. 
The  shearing  strength  of  each  sol  I Is  evaluated  as  low,  moderate, 
or  high.  A high  shearing  strength  evaluation  Indicates  little  or 
no  hazard  of  lateral  soil  movement.  A moderate  sheering  strength 
evaluation  indicates  a moderate  hazard  of  lateral  soil  movement. 

A low  shearing  strength  evaluation  indicates  a severe  hazard  of 
lateral  soil  movement,  and  introduces  severe  constraints  In  the 
design  of  foundation  footings  for  bearing  strength. 

SHRINK-SWELL  POTENTIAL  ■ Shrink- swell  behavior  Is  that  quality  of 
the  soli  which  determines  Its  volume  change  with  a change  In  mois- 
ture content,  lulldlng  foundations,  roods,  and  other  structures 
may  be  severely  damaged  by  shrinking  and  swelling  of  soils.  The 
volume  change  Is  influenced  by  the  amount  of  moisture  change  and 
the  amount  and  kind  of  clay  In  the  soil.  A low  shrink-swell  eval- 
uation indicates  little  or  no  problem;  a moderate  shrink-swell 
evaluation  indicates  water  control  measures  may  be  required,  and 
that  some  foundation  reinforcements  may  be  necessary  to  prevent 
foundation  damage.  A high  shrink-swell  potential  Indicates  com- 
plex water  control  measures  will  be  required  and  extensive  founda- 
tion reinforcements  will  be  necessary  to  prevent  severe  damage. 

SINGLE-PURPOSE  STUOT  - A study  made  to  determine  what  features 
would  be  necessary  to  supply  any  single  function  of  those  In- 
cluded in  a multipurpose  project.  These  studies  are  done  pri- 
marily to  facilitate  cost  allocation. 

SOIL  • A natural,  three-dimensional  body  on  the  earth's  surface 
that  supports  plants  and  that  has  properties  resulting  from  the 
integrated  effect  of  climate  and  living  matter  acting  upon  par- 
ent material,  as  conditioned  by  relief  over  periods  of  time. 

SOIL  ASSOCIATION  - A group  of  soils,  with  or  without  contnon  char- 
acteristics, geographically  associated  in  an  individual  pattern. 

SOIL  CLASSIFICATION  - The  systematic  arrangement  of  soils  Into 
groups  or  categories  on  the  basis  of  their  characteristics. 

SOIL  CONSISTENCE  - The  relative  mutual  attraction  of  the  particles 
In  the  whole  soil  mass,  or  their  resistance  to  separation  or  de- 
formation. The  consistence  varies  with  moisture  content,  end  the 
degree  of  stickiness  and  plasticity  is  measured  when  the  soil  is 
wet  and  the  degree  of  hardness  or  firmness  when  the  soil  is  dry 
or  moist. 

SOIL  HORIZON  - A layer  of  soil,  approximately  parallel  to  the 
surface,  that  has  distinct  characteristics  produced  by  sol  form- 
ing processes. 

SOIL  HARPING  UNIT  - A portion  of  the  landscape  that  has  similar 
characteristics  and  qualities  and  whose  limits  are  fixed  by  pre- 
cise definitions,  within  the  cartographic  limitations,  and  con- 
sidering the  purpose  for  which  the  map  Is  made,  the  sol)  mapping 
unit  is  the  unit  about  which  the  greatest  n umber  of  precise 
statements  and  predictions  can  be  made.  The  soil  mapping  units 
provide  the  most  detailed  soils  information  and  are  the  basis 
for  all  interpretive  groupings  of  soils.  They  furnish  the  Infor- 
mation needed  for  developing  capability  units,  forast  site  group- 
ings, crop  suitability  groupings,  range  site  groupings,  engineer- 
ing groupings,  and  other  Interpretive  groupings.  The  most  spe- 
cific menegmnent  practices  and  estimates  of  yields  are  related  to 
the  Individual  mapping  unit, 

SOIL  PROFILE  - Refers  to  a vertical  cross  section  of  soil  layers 
which  are  designated  as  A,  I,  C,  and  R horizons.  The  A horizon 
refers  to  the  topsoil  layer  having  the  same  color,  texture,  and 
structure.  The  • horizon  is  the  layer  immediately  below  the  A 
horizon,  and,  with  rigidly  specified  limits,  has  the  same  color, 
texture,  structure,  and  chemical  properties.  This  • horizon,  etso 
kn^m  as  subsoil,  Is  defined  as  the  zone  of  accumulation  to  which 
clay  particles,  lima.  Iron,  or  silica  compound  are  carried  by 
Suspension  in  water  from  the  overlying  layers.  The  C horizon, 
also  known  as  the  tubstretu*,  lias  Immediately  below  the  • hori- 
zon and  has  about  the  same  color  and  texture  throughout  Its 
depth.  This  horlton  Is  sometimes  referred  to  as  parent  soft 
material  because  It  Is  relatively  unaltered,  physically,  chem- 
ically, or  biologically  from  Its  original  condition  at  the  time 
the  soil  development  process  began.  The  A horlton  rotors  to 
underlying  bedrock. 


SOIL  SERIES  - Solis  in  a particular  soil  series  arc  essentially 
uniform  In  d» f ferentlatlng  properties  and  In  errangwnent  of  hori- 
zons or  layers.  Soil  type  refers  to  surface  soil  texture.  The 
series  designation  refers  to  soils  with  very  similar  profile 
characteristics. 
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SOIL  STRUCTURE  - An  arrangement  of  textural  aggregates  of  the 
soil  mass.  When  broken,  the  mast  tends  to  break  into  definite 
shapes  and  forms  which  are  described  as  granular,  blocky,  pris- 
matic, platy,  or  massive.  Each  of  these  forms  Is  Indicative  of 
soil  permeability,  soil  stability,  and  root  penetration. 

SOIL  TEXTURE  - The  relative  proportions  of  sand,  silt,  and  clay 
particles  In  a mass  of  soil.  The  basic  US  DA  textural  classes, 

In  order  of  Increasing  proportion  of  fine  particles,  are  shown 
as  follows: 
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Larger  particles  (gravel  and  cobbles)  are  recognized  by  modi- 
fiers of  textural  clast  names. 

The  American  Association  of  State  Highway  Officials  (AASHO) 
classify  soil  materials  In  seven  principal  groups.  The  groups 
range  from  A-l,  which  consists  of  gravelly  soils  that  have 
high-bearing  capacity  and  are  the  best  soils  for  subgrades,  to 
A-7,  Which  consists  of  clay  soils  that  have  low  strength  when  wet 
and  are  the  poorest  for  subgrades. 

The  Unified  Soil  Classification  System  (Unified)  Identifies  soils 
according  to  their  textural  and  plasticity  qualities,  and  groups 
them  with  respect  to  their  performances  as  engineering  construc- 
tion materials.  In  this  system  soil  materials  arc  identified  es 
coarse  grained  (8  classes),  fine  grained  (6  classes),  and  highly 
organic. 

The  USQA  textural  classification  chart  and  the  accompanying  charts 
showing  the  generalized  relationships  of  the  AASHO  and  Uni f led 
soli  groups  to  the  USOA  textural  classes  are  shown  on  the  follow- 
ing page. 

SOIL  TILTH  - The  condition  of  the  soil  In  relation  to  the  growth 
of  plants,  especially  soil  structure.  Good  tilth  refers  to  the 
friable  state  and  is  associated  with  high  noncapillary  porosity 
and  stable,  granular  structure.  A sol  I in  poor  tilth  l«  non- 
friabla,  hard,  noneggregeted,  and  difficult  to  till. 

SPECIFIC  COSTS  - Costs  of  facilities  that  exclusively  serve  only 
on#  project  purpose, 

STAGE  - The  vertical  distance  of  the  water  surface  In  a lake, 
stream,  or  actuary  above  or  below  a fixed  reference  point. 

STREAM  REGIMEN  - The  condition  of  a stream  and  Its  channel  as  ra- 
9»rds  their  stability.  A stream  or  conduit  Is  "In  regimen"  or 
"In  physiographic  balance"  If  its  channel  has  reached  a stable 
form  as  the  result  of  Its  flow  characteristics. 

STAND,  MEDIUM  STOCKED  - A stand  kO-69  percent  stocked  with  present 
or  potential  growing  stock  trees. 

STANO,  SAWTINKR  - Stand  at  least  10  percent  stocked  with  growing 
stock  trees,  half  or  more  of  which  are  sawtlmbar  or  pole  timber 
with  sawtlmbar  at  least  equal  to  pole  timber  stocking. 

TANGIILE  IENCFITS  - Those  benefits  that  can  be  expressed  In  mona- 
tery  terms  based  on  or  derived  from  actual  or  simulated  market 
prices  for  the  products  or  services,  or,  In  the  absence  of  such 
measures  of  benefits,  the  cost  of  the  alternative  means  that 
would  most  likely  be  utilized  to  provide  equlvelen*  products  or 
•orvlcot. 


TRA FF I CA B I L I TY  - The  load-beering  capacity  under  natural  soil 
condi t Ions. 


WATER  RIGHT  - A legally  protected  right,  granted  by  law,  to  take 
possession  of  water  occurring  In  a water  supply  and  to  divert  the 
water  and  put  It  to  beneficial  use. 


TYPE  - Classification  based  on  predominate  species  of  tree  cover. 

WASH  LOAD  - The  finer  part  of  the  sediment  load  of  streams;  the 
part  that  can  be  transported  easily  in  large  quantities  but  is 
limited  by  its  availability.  It  is  that  part  of  the  sediment 
smaller  than  that  found  in  appreciable  quantity  by  sampling 
shifting  portions  of  the  streambed. 

WASTE-WATER  RECLAMATION  - The  process  of  restoring  water  from 
municipal,  i ndustr ial,  and  agricultural  waste  for  beneficial  pur- 
poses, whether  by  means  of  special  facilities  or  through  natural 
processes. 

WATER-HOLDING  CAPACITY  - The  supply  of  moisture  held  by  a soil 
after  the  removal  of  qravl tat ional  water. 

WATER  REQUIREMENT  (AGRICULTURAL)  - The  total  quantity  of  water, 
regardless  of  its  source,  required  by  crops  for  their  normal 
growth  under  field  conditions.  It  may  include  water  applied  In 
irrigation,  precipitation,  and  ground  water  available  to  crops. 
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WATERSHED  MANAGEMENT  - The  analysis,  protection,  development,  oper- 
ation, and  maintenance  of  a drainage  basin  for  the  optimum  control 
and  conservation  of  all  its  resources  Including  the  quality,  quan- 
tity, and  timing  of  water  produced  by  the  basin. 

WATER  TABLE  - The  upper  surface  of  a zone  of  saturation,  except 
where  that  surface  is  formed  by  an  impermeable  body. 

WETLANDS  - Lands  covered  by  shallow  water,  marshes,  and  season- 
ally flooded  lands  subject  to  change  through  drainage  or  other 
land  development  measures. 

WITHDRAWAL  (PUBLIC  LANDS)  - An  action  which  restricts  the  disposal 
of  public  lands  and  which  holds  them  for  specific  public  purposes; 
also  public  lands  which  have  been  dedicated  to  public  purposes. 

ZONE  OF  SATURATION  - The  space  below  the  water  table  in  which  all 
the  interstices  are  filled  with  water.  Water  in  the  zone  of 
saturation  is  called  ground  water. 
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